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C onform at iona l  S tu d ie s  o f  L i th iu m  Phenyl S t e a r a t e  
bv C h r is t o p h e r  Barron
A b s t r a c t
The s t r u c t u r e  and confo rm at ion  o f  l i t h i u m  phenyl  
s t e a r a t e  (and t o  a l e s s e r  e x t e n t ,  f o r  com parat ive  purposes,  
cadmium s t e a r a t e )  was i n v e s t i g a t e d  using F o u r ie r  t r a n s fo r m  
i n f r a r e d  spec tro scop y ,  and v a r io u s  m o d e l l in g  te c h n iq u e s .  The 
i n f r a r e d  r e s u l t s  f o r  Li PS show t h a t  th e  a l i p h a t i c  p o r t i o n  o f  
th e  soap m olecule  is  much more ordered  a t  room te m p e ra tu re  
than  had been expe c te d ,  hav ing  on ly  0 .6 2  and 0 .6 0  g tg  and gg 
d e f e c t s  per m olecu le  r e s p e c t i v e l y ,  where an i s o t r o p i c  cha in  
would have 1 .3 5  and 1.21 gtg  and gg d e fe c ts  per  cha in  
r e s p e c t i v e l y .  As th e  te m p e ra tu r e  is  in creased  th e  number o f  
c o n fo rm a t io n a l  d e fe c ts  in c r e a s e s  c o n t in u o u s ly ,  u n t i l  a t  
«130°C the  cha in  reaches an i s o t r o p i c  degree o f  d i s o r d e r .  At  
t h i s  p o in t  th e  phase t r a n s i t i o n  begins ,  so the  c h a in  reaches  
l i q u i d  l i k e  d i s o r d e r  b e fo r e  th e  phase t r a n s i t i o n  b e g in s .
M o d e l l in g  o f  th e  phenyl s t e a r i c  a c id  showed t h a t  th e  
phenyl group was r e s t r i c t e d  to  c e r t a i n  angle o f  r o t a t i o n  
v a lu e s ,  and t h a t  th e  bonds c lo s e  t o  th e  phenyl group were  
p re v en ted  from a t t a i n i n g  t r u e  r o t a t i o n a l  is o m e r ic  s t a t e  
c o n fo r m a t io n s . gtg d e f e c t s  near  th e  phenyl group were  
d i s t o r t e d  o n ly  s l i g h t l y  from t h e i r  usual a n g u la r  p o s i t i o n ,  
and an a d d i t i o n a l  band in  t h e  i n f r a r e d  spectrum o f  Li PS a t  
1363 cm"' has been assigned t o  t h i s  d i s t o r t e d  g t g / g t g ’ d e f e c t .  
The gg d e fe c ts  near th e  phenyl group have a much g r e a t e r  
d i s t o r t i o n  (and e nergy )  r e s u l t i n g  in  a much reduced  
p r o b a b i l i t y  o f  o c c u rre n c e .  The number o f  gg d e f e c t s  p r e s e n t  
a t  th e  phase t r a n s i t i o n  («130°C) was on ly  1S% o f  t h a t  
e xpected  f o r  an i s o t r o p i c  n -a lk a n e  o f  e q u i v a l e n t  cha in  
l e n g t h ,  i n d i c a t i n g  t h a t  t h e  f o u r  bonds n e a r e s t  t o  t h e  phenyl  
group have a reduced p r o b a b i l i t y  o f  form ing a gg d e f e c t .
The m o d e l l in g  o f  t h e  i o n i c '  core  o f  LiPS g iv e s  a 
re ason ab le  e s t im a t e  o f  between 5 .6  t o  7.1 A f o r  th e  core  
r a d i u s .  When t h i s  i s  used t o  c a l c u l a t e  th e  hexagonal c y l i n d e r  
d i a m e te r ,  a t  room t e m p e r a tu r e ,  a long w i t h  the  av erage  c ha in  
e x t e n s io n ,  i t  g ive s  a v a lu e  f o r  th e  c y l i n d e r  d ia m e te r  o f  
between 3 3 .9  t o  3 6 . 8A. The hexagonal l a t t i c e  pa ra m e te r  
determ ined  by X - r a y  d i f f r a c t i o n  has a v a lu e  3 5 . 9A. A ls o  a f t e r  
th e  LiPS sample has gone through th e  phase t r a n s i t i o n  
beg inn ing  a t  »130°C, th e  hexagonal l a t t i c e  param eter  i s  3 1 . 4A 
w h i l e  th e  c y l i n d e r  d ia m e te r  l i e s  between 3 0 .2  and 3 3 . 2A.
C r y s t a l l i n e  cadmium s t e a r a t e  was found t o  c o n t a in  two  
c r y s t a l  forms, o r thorho m b ic  which has l a t t i c e  d imensions o f  
a0=5.O5A, bfl=7.35A and cQ=48.6A  and the  o t h e r  e i t h e r
m o n o c l in ic  o r  t r i c l i n i c .  In  th e  re v e rs e  hexagonal phase, th e  
cadmium s t e a r a t e  m olecu le  behaves l i k e  an i s o t r o p i c  n - a lk a n e  
o f  e q u i v a l e n t  c h a in  le n g t h .  The model used t o  p r e d i c t  th e  
core  r a d iu s  o f  d i v a l e n t  meta l soaps g ives  r i s e  t o  some 
in c o n s is t e n c ie s :  th e  c y l i n d e r  d ia m e te r  thus  de te rm in e d  g iv e s  
a r e s u l t  between 2 8 . 8A t o  3 1 . 7A, w h i le  th e  l a t t i c e  pa ra m e te r  
determ ined  by X - r a y  d i f f r a c t i o n  g ives  a v a lu e  o f  3 6 . 9A. The 
assumption t h a t  th e  n -c a r b o x y 1 a te  ions in  a d i v a l e n t  meta l  
soap behave l i k e  two independent  monovalent metal ion soaps  
appears  to  be i n c o r r e c t .
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1
1 A m p h ip h i l ic  mesophases
L iq u id  c r y s t a l l i n e  phases, o r  mesophases, a re  
the rm o dy na m ic a l ly  d i s t i n c t  s t a t e s  o f  m a t t e r ,  t h a t  have 
d i f f e r i n g  degrees o f  o r d e r ,  l y in g  between th e  long range  
o r d e r  o f  c r y s t a l l i n e  s o l i d s  and th e  long range s t a t i s t i c a l  
d i s o r d e r  o f  l i q u i d s  and gases ( 1 ) .
A m p h ip h i l ic  mesophases a re  based no t  on th e  s t r u c t u r a l  
arrangements o f  i n d i v i d u a l  m olecu les ,  as is  th e  case w i t h  
most l i q u i d  c r y s t a l s  ( 1 ) ,  but  on th e  arrangement o f  m u l t i -  
m o le c u la r  u n i t s  ( a g g r e g a t io n  o f  m o le c u les )  termed " m i c e l l e s " .  
The fo rm a t io n  o f  th e s e  a m p h i p h i l i c  mesophases depends b ro a d ly  
on two types  o f  i n t e r a c t i o n  ( 2 , 3 , 4 ) ,  s h o r t  range i n t r a ­
m o le c u la r  i n t e r a c t i o n s  which de te rm in e  th e  shape ( d i s c ,  
c y l i n d e r ,  sphere  or  s h e e t )  and s i z e ,  and th e  long range  
i n t e r a c t i o n s  d e te r m in in g  th e  mutual o r i e n t a t i o n  o f  th e  
m i c e l l e s  (h e x a g o n a l ,  c u b ic  o r  l a m e l l a r  l a t t i c e ) .
Some o f  t h e  s im p le s t  molecules t o  form a m p h i p h i l i c  
mesophases a re  t h e  s a l t s  o f  long cha in  c a r b o x y l i c  a c i d s ,  th e  
f a t t y  a c id  soaps.  These a r e  capable  o f  fo rm ing  mesophases on 
h e a t in g  ( 2 , 5 )  and th e  a l k a l i  metal soaps a ls o  form mesophases 
on th e  a d d i t i o n  o f  a s o l v e n t ,  most commonly w a t e r  ( 2 - 5 ) .  
These phases and a re  known as th e r m o t r o p ic  and l y o t r o p i c  
mesophases r e s p e c t i v e l y .
1.1  Th erm otrop ic  b e h a v io u r  o f  a l k a l i  m eta l  soaps
The soaps o f  f a t t y  a c id s  can undergo a s e r i e s  o f  complex  
s te p w is e  m e l t in g  t r a n s i t i o n s  i n v o l v i n g  one o r  more 
i n t e r m e d ia t e  phase between th e  c r y s t a l l i n e  s o l i d  and 
i s o t r o p i c  l i q u i d  ( 2 , 5 ) ,  depending on t h e  c a r b o x y l i c  a c id  and 
t h e  c a t io n  p r e s e n t .
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1 . 1 . 1  L i th iu m  soaps
Using X - r a y  d i f f r a c t i o n ,  G a l l o t  e t  a l  ( 6 )  i n v e s t i g a t e d  
th e  th e r m o t ro p ic  b e h a v io u r  o f  th e  l i t h i u m  soaps L iC ^ 1 t o  
LiC ig, and found t h a t  each formed 2 c r y s t a l l i n e  l a m e l l a r  
( C . L . )  s t r u c t u r e s .  For A/c , th e  number o f  carbon atoms in  th e  
c h a in ,  being g r e a t e r  th a n  o r  equal to  12, a 2 d im ens iona l  
r ib b o n  type  s t r u c t u r e  ( B . R . )  was a ls o  ob served .  These 
s t r u c t u r e s  were c onf i rm e d  by Skoda ( 7 ) ,  f o r  L iC^ t o  Li C18, 
using  d i l a t o m e t r i c  i n v e s t i g a t i o n .  T a b le  1.1 shows t h e  phases 
and t r a n s i t i o n  te m p e ra tu r e s  observed by G a l l o t  and S k o u l io s  
( 6 ) ,  f o r  long c h a in  l i t h i u m  soaps.
F e r lo n i  e t  a l  ( 8 , 9 , 1 0 ) ,  i n v e s t i g a t e d  a l l  th e  l i t h i u m  n -  
a lk a n o a te s  from L iC1 t o  L iC j2 using DSC, c o n f i r m in g  th e  
t r a n s i t i o n  te m p e ra tu re s  o f  G a l l o t  ( 6 ) ,  but  a l s o  found a 
rem arkab le  odd/even e f f e c t  f o r  th e  t r a n s i t i o n  te m p e ra tu r e  
between th e  two l a m e l l a r  c r y s t a l l i n e  phases. A l though  th e  
te m p e ra tu re  and e n t h a lp y  in c r e a s e s  w i t h  in c r e a s in g  A/c, th e  
number o f  carbon atoms, th e  t r a n s i t i o n  te m p e ra tu r e s  and 
e n th a lp y  were h ig h e r  f o r  odd cha ins  le n g th s  ( L i C g and L iC ^ )  
than f o r  even cha ins  le n g t h s  (LiCg, L iC 10 and L iC 12) ( 8 ) .  The 
i s o t r o p i c  m e l t in g  p o i n t  shows no such b e h a v io u r ,  w i t h  t h e  
t r a n s i t i o n  te m p e ra tu r e  d e c re a s in g  w i t h  in c r e a s in g  c h a in  
l e n g t h ,  and th e  e n t h a lp y  in c r e a s in g  up t o  LiC^ and then  
d e c re a s in g  r a p i d l y  f o r  LiC^2. F e r lo n i  e t  a l  ( 9 , 1 0 )  a l s o  showed 
t h a t  f o r  th e  l i t h i u m  n - a lk a n o a t e s ,  f rom LiCj t o  L iC j ,  o n ly  
LiC5 and LiCj showed t h e  two c r y s t a l l i n e  l a m e l l a r  fo rm s .  So 
we can conclude t h a t  f o r  l i t h i u m  a l k a n o a t e s ,  o n ly  soaps w i t h
Cn r e f e r s  t o  th e  n - c a r b o x y l i c  a c id  w i t h  n carbon atoms.
3
Nc>12 show any t h e r m o t r o p ic  l i q u i d  c r y s t a l l i n e  phases.
T a b le  1.1 T h erm o tro p ic  phases o c c u r r in g  on h e a t in g  o f
l i t h i u m  soaps from room te m p e ra tu re  to  
i s o t r o p i c  m e l t .
L iC 10 L i c 12 LiC^ LiC16 L1C18
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I I I I I
( N . B.  no t  t o  s c a l e )
C . L .  i s  C r y s t a l l i n e  L a m e l la r
B.R.  i s  a 2 d im ens iona l  Ribbon l a t t i c e
I  i s  th e  I s o t r o p i c  M e l t
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1 . 1 . 2  Sodium Soaps
The phase b e h a v io u r  o f  sodium soaps i s  much more 
com pl ic a te d  than  th e  case o f  l i t h i u m  soaps, and has been 
s u b je c te d  t o  e x t e n s i v e  s t u d i e s .  M.J.  Void ( 1 1 )  e t  a l  observed  
th e  phase beha v io u r  o f  t h e  even homologues from NaCg t o  NaC22 
using  p o l a r i s i n g  microscopy and d i l a t o m e t r i c  o b s e r v a t i o n s .  
The phases observed were named from t h e i r  d i f f e r e n t  t e x t u r e s  
and a r e  l a b e l l e d  " C r y s t a l l i n e " ,  "Curd", "Sub-waxy",  "Waxy", 
"Super-waxy" ,  " S u b -n e a t " ,  "Neat"  and I s o t r o p i c  m e l t .
S k o u l io s  and L u z z a t i  ( 1 2 )  used X - r a y  d i f f r a c t i o n  t o  
observe the  even homologues from NaCj2 t o  NaCjg. The d i f f e r e n t  
phases were found t o  r e s u l t  from th e  l a t t i c e  changing from 3 
t o  2 -d im e n s io n a l  o r d e r ,  from 2 to  1 -d im ens iona l  o r d e r  and 
becoming i s o t r o p i c  on m e l t i n g .  In  th e  t r a n s i t i o n  from  
c r y s t a l l i n e  t o  curd t h e  l a t t i c e  remains 3 -d im e n s io n a l  w i t h  
th e  s h o r t  spac ings changing s l i g h t l y .  The sharp c r y s t a l l i n e  
spac ings  change t o  a s i n g l e  d i f f u s e  band a t  ab o u t  4 . 6A on 
t r a n s i t i o n  from th e  curd t o  sub-waxy ( i n  some cases  waxy) 
phase. Th is  i s  a s s o c ia t e d  w i t h  th e  m e l t in g  o f  th e  hydrocarbon  
p o r t i o n  o f  th e  soap, and a ls o  th e r e  is  a change f rom  3 t o  2 -  
dimensional  l a t t i c e .  S k o u l io s  ( 1 2 )  a ls o  showed t h a t  th e  phase 
t r a n s i t i o n s  sub-waxy t o  waxy, waxy t o  super-waxy and s u p e r -  
waxy t o  s u b -n e a t  correspond t o  a brup t  changes in  t h e  le n g th  
and w id th  o f  th e  2 -d im e n s io n a l  l a t t i c e  (see  f i g u r e  1 . 1 ) .  The 
t r a n s i t i o n  s u b -n e a t  t o  n e a t  corresponds t o  a t r a n s i t i o n  from  
a 2 d imensional  l a t t i c e  t o  a I rd im e n s io n a l  l a m e l l a r  phase.  
T a b le  1 .2  shows th e  t r a n s i t i o n  te m p e ra tu re s  f o r  v a r i o u s  
sodium soaps (NaC12 t o  NaCjg) ( 5 ) .
5
T a b le  1 .2  Phase t r a n s i t i o n  tem p e ra tu re s  o f  t h e  v a r io u s
phases p r e s e n t  in  th e  sodium soaps NaC12 t o
NaC1fi.
Phase NaCj2 NaCu NaCtg NaC1fl




104 108 113 114
Waxy
147-149 141 142-144 131
Super-waxy
191 182 172-175 151-159
Sub -neat
200 2 0 2 -2 0 4 200 178-181
Neat
250 240 250 255
M e l t
330 315 290 280
( N. B.  a l l  t e m p e ra tu re s  a re  in  °C)
F e r lo n i  e t  a l  ( 8 )  found t h a t  as w i t h  l i t h i u m  soaps t h e r e  
i s  an odd/even e f f e c t ,  which produces a h ig h e r  t r a n s i t i o n  
te m p e ra tu re  and e n th a lp y  f o r  odd c h a in  soap m olecu les  (NaCg 
and NaCjj) than f o r  even c h a in  soaps (NaCg, NaC10 and NaC12) f o r  
th e  curd to  sub-waxy phase t r a n s i t i o n .  The i s o t r o p i c  m e l t  
shows no such b ehav io ur  w i t h  both t h e  neat  t o  i s o t r o p i c  
t r a n s i t i o n  te m p e ra tu re  and e n th a lp y  d e c rea s in g  w i t h  
i n c r e a s in g  c h a in  le n g th .
F e r lo n i  e t  a l  ( 9 , 1 0 )  a ls o  showed when i n v e s t i g a t i n g  
sodium soaps NaCj t o  NaCj, w i t h  DSC, t h a t  th e  s m a l l e s t  sodium 
soap t o  show any polymorphism was sodium n -b u ta n o a te  (Wc= 4 ) .  
For c ha in  le n g th s  o f  Nc g r e a t e r  than  3, th e  soap passes  
th roug h  3 t r a n s i t i o n s  w i t h  te m p e r a tu r e ,  denoted by F e r l o n i  as 
TA, Tp and TC| . The TA t r a n s i t i o n  i s  t h e  curd t o  sub-waxy  
t r a n s i t i o n  d iscussed e a r l i e r .  Tp i s  a type  o f  " m e l t in g "
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F ig u r e  1.1 Phases p r e s e n t  in  sodium s t e a r a t e ,  a)
C r y s t a l l i n e  and Curd, b) Sub-way t o  S u b -n e a t ,  
c )  Neat  and d) I s o t r o p i c  m e l t .
b) 2-d plme (tibvixy •
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t r a n s i t i o n ,  which r e s u l t s  in  th e  fo rm a t io n  o f  a t u r b i d ,  
a n i s o t r o p i c  l i q u i d  c r y s t a l l i n e  phase which on ly  m e l ts  t o  an 
i s o t r o p i c  l i q u i d  a t  a re m a rk ab ly  high te m p e ra tu r e ,  TC1 ( 1 3 ) .  
For th e  soap NaCfl th e  v a lu e  o f  Tcl was e s t im a te d  by F e r lo n i  
( 8 )  t o  be «365°C.
1 . 1 . 3  O ther  a l k a l i  metal  soaps
Non-sodium a l k a l i  m eta l  soaps, such as potassium soaps 
a ls o  go through a s e r i e s  o f  th e r m o t ro p ic  phases ( 1 4 , 1 5 ) .  
G a l l o t  and S k o u l io s  ( 1 6 , 1 7 , 1 8 )  s tu d ie d  th e  phase b e h a v io u r  o f  
potass ium , rub id ium  and caesium soaps, and found t h a t  
potassium soaps formed s i m i l a r  phases t o  the  sodium soaps,  
w i t h  a 3 -d im e n s io n a l  c r y s t a l  form, a 2 -d im e n s io n a l  r ibb on  
form and the  1 -d im e n s io n a l  l a m e l l a r  form.
The rub id ium  soaps do not  show th e  r ibbon s t r u c t u r e ,  bu t  
undergo chain  m e l t in g  t o  a l a m e l l a r  phase, which th e n  breaks  
up i n t o  a s t r u c t u r e  o f  d is c s  o r i e n t e d  i n t o  p la n e s ,  and then  
re fo rm s the  l a m e l l a r  phase aga in  w i th  d i f f e r e n t  dimensions  
( 1 8 ) .  The caesium soaps m e l t  t o  an i s la n d  phase, c o n s i s t i n g  
o f  r e g u l a r l y  f r a c t u r e d  l a m e l l a e ,  s i m i l a r  t o  th e  d i s c  l i k e  
phases formed by rub id ium  soaps, and c h a r a c t e r is e d  by i s la n d s  
o f  p o l a r  groups packed in  a q u a s i - c r y s t a l l i n e  l a t t i c e .  T h is  
then  m e l ts  to  a l a m e l l a r  phase and f i n a l l y  to  t h e  i s o t r o p i c  
l i q u i d  ( 1 7 ) .
The c a t io n  has an e f f e c t  on th e  i s o t r o p i c  m e l t in g  
te m p e ra tu re  o f  th e  a l k a l i  meta l soaps. L i th iu m  s t e a r a t e  m e l ts  
a t  «230°C ( 6 ) ,  sodium s t e a r a t e  m e l ts  a t  «290°C ( 6 )  and caesium  
s t e a r a t e  m elts  a t  *370°C ( 1 7 ) .  T h is  shows t h a t  by i n c r e a s i n g  
th e  c a t i o n i c  r a d iu s ,  th e  m e l t in g  te m p e ra tu r e  o f  t h e  
c orresponding  soap i s  in c r e a s e d .
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As w i th  sodium soaps t h e r e  i s  a minimum c h a in  le n g th  
below which t h e  K, Rb and Cs soaps show on ly  c o n v e n t io n a l  
m e l t in g  from c r y s t a l l i n e  s o l i d  t o  i s o t r o p i c  l i q u i d .  For 
potassium soaps Nc must be g r e a t e r  than 3, f o r  rub id ium  soaps 
Nc must be g r e a t e r  than 4 and f o r  caesium Nc must be g r e a t e r  
than  5 ( 1 0 , 1 3 ) .
1 . 2  Soaps o f  d i v a l e n t  m e ta ls
D i v a l e n t  m e ta ls  have th e  c a p a c i t y  t o  l i n k  two f a t t y  a c id  
cha ins  t o g e t h e r ,  g i v i n g  many o f  these  soaps a v e ry  r e g u l a r  
c r y s t a l l i n e  l a t t i c e .  On h e a t in g ,  th e  c r y s t a l l i n e  l a t t i c e  
o f t e n  undergoes cha in  m e l t in g  b e fo r e  i o n i c  l a t t i c e  
d i s r u p t i o n ,  g i v i n g  r i s e  t o  th e r m o t r o p ic  mesophases. 
H a t t i a n g d i  e t  a l  ( 1 9 )  s t u d i e d  th e  h ea ts  o f  t r a n s i t i o n  and 
t r a n s i t i o n  te m p e ra tu re s  o f  th e  soaps o f  s t e a r i c  and p a l m i t i c  
a c id s  w i th  a d i v a l e n t  c a t i o n .  Most o f  t h e  soaps e x h i b i t e d  a 
complex s e r i e s  o f  t r a n s i t i o n s ,  w i th  th e  fo r m a t io n  o f  a 
mesomorphic phase p r i o r  t o  th e  a c tu a l  m e l t in g .  I t  was a ls o  
found ( 1 9 )  t h a t  s t e a r a t e s  and p a l m i t a t e s  o f  th e  same metal  
show s i m i l a r  t r a n s i t i o n s ,  but  soaps o f  even c h e m ic a l ly  
s i m i l a r  m eta ls  show i n d i v i d u a l  b e h a v io u r .  T h is  was c on f i rm ed  
w i th  X - r a y  a n a l y s i s  by M. J .  Void e t  a l  ( 2 0 )  f o r  v a r i o u s  
a l k a l i n e  e a r t h  meta l soaps.
R.D.  Void e t  a l  ( 2 1 , 2 2 ) ,  i n v e s t i g a t i n g  t h e  c r y s t a l  
s t r u c t u r e  and po lym orph ic  b e hav io ur  o f  anhydrous c a lc iu m  
s t e a r a t e  and c a lc iu m  s t e a r a t e  monohydrate, found t h a t  t h e  
anhydrous c a lc iu m  s t e a r a t e  goes through a phase t r a n s i t i o n  a t  
about  »150°C. The phase above 150°C is  t r a n s l u c e n t  and i s  an 
a n i s o t r o p i c  l i q u i d  ( l i q u i d  c r y s t a l ) ,  showing b i r e f r i n g e n c e  
between crossed p o l a r o i d s .
9
Spegt a t  a l  ( 2 3 ) ,  i n v e s t i g a t e d  th e  phase b e h a v io u r  o f  
c a lc iu m  d i c a r b o x y l a t e  soaps CaC12 t o  CaC20 us ing  X - r a y  
d i f f r a c t i o n ,  and found t h a t  each soap w i th  the  e x c e p t io n  o f  
CaCj2 showed a t  l e a s t  f i v e  s e p a ra te  phases b e fo re  m e l t i n g .  
Among these  a r e  two c r y s t a l  phases w i th  3 -d im e n s io n a l  
l a t t i c e s ,  a d i s c o t i c  phase w i t h  th e  p o l a r  groups packed on t o  
an or thorho m b ic  l a t t i c e ,  a l a m e l l a r  phase having t h e  same 
d i s t a n c e  between th e  l a y e r s  as in  th e  d i s c o t i c  phase, and 
f i n a l l y  a re ve rs ed  hexagonal phase. F ig u re  1 .2  shows t h e  
phases and t r a n s i t i o n  te m p e ra tu re s  f o r  th e  soaps CaC12 t o  CaC20 
and f i g u r e  1 .3  shows a r e p r e s e n t a t i o n  o f  these  phases.  
F ig u r e  1 .2  The phases and phase t r a n s i t i o n  te m p e ra tu r e s
o f  th e  c a lc iu m  soaps CaC|2 to  CaC20
H t x a i en a l ! y p««ked rod*
200
U n t i l  ar L.C.
100
Choi n Lemtl i  /Nc
L . L . C .  i s  a l a m e l l a r  l i q u i d  c r y s t a l  phase
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F ig u r e  1 .3  A schem at ic  r e p r e s e n t a t io n  o f  t h e  phases 




Or y st i l  1 C r j t l i l  2
L a w l U f  L .C . Dirt* L i K l U r  L .C.
H m f i n t l  L .C .
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Spegt a t  a l  ( 2 4 , 2 5 )  a ls o  i n v e s t i g a t e d  th e  phase 
b ehav io ur  o f  magnesium and cadmium soaps, w i th  c h a in  le n g th s  
f rom Cj2 to  C2q. These were found t o  have much s im p le r  phase 
beha v io u r  than th e  c a lc iu m  soaps. These soaps o n ly  showed 
around 2 or  3 phases b e fo r e  th e  i s o t r o p i c  m e l t :  a c r y s t a l l i n e  
phase, a re v e rs e  hexagonal phase (Hexagonal B) and, f o r  cha in  
le n g th s  g r e a t e r  than 14, a Hexagonal C phase (s e e  f i g u r e
1 . 4 ) .  The Hexagonal C phase has a s l i g h t l y  d i f f e r e n t  l a t t i c e  
param eter  as compared w i t h  Hexagonal B phase.
F ig u r e  1 .4  Phases and t r a n s i t i o n  te m p e ra tu re s  o f  th e  






Chai  n L e n g t h  / N c
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The hexagonal phase g iv e s  a 2 -d im ens io na l  l a t t i c e  which  
i s  c h a r a c t e r i s e d  by a s e r i e s  o f  X - r a y  l i n e  spac ings  w i t h  th e  
r a t i o s  1 : 1 / / 3  : 1 / / 4  : 1 / / 7  : 1 / / 9 .  The wide a n g le  re g io n  
o f  th e  X - r a y  d i f f r a c t i o n  p a t t e r n  f o r  cadmium soaps in  th e  
r e v e rs e  hexagonal phase shows a s i n g l e  broad peak a t  4 . 6A  
( 2 5 ) .  T h is  i s  c o n s i s t e n t  w i t h  th e  a l i p h a t i c  p o r t i o n  o f  th e  
cha in  behaving l i k e  a l i q u i d .
1 . 3  Phenvl s t e a r i c  a c id
Phenyl s t e a r i c  a c id  (PSA) o b ta in e d  by a F r i e d e l - C r a f t s  
r e a c t i o n  o f  o l e i c  a c id  w i t h  benzene, was o r i g i n a l l y  th o u g h t  
to  c o n s is t  o f  e i t h e r  1 isomer ( 2 6 )  (1 0 -p h e n y l  s t e a r i c  a c i d )  
or  o f  a p p r o x im a te ly  equal p o r t i o n s  o f  th e  9 -  and 10-pheny l  
s t e r i c  a c id  isomers ( 2 7 ) .  Smith e t  a l ( 2 8 )  have shown, using  
gas chromatography o f  t h e  a l k y l  a r y l  ketones o b ta in e d  from  
chromic a c id  o x i d a t i o n ,  t h a t  phenyl s t e a r i c  a c id  i s  in  f a c t  
a m ix tu r e  o f  12 p o s i t i o n a l  isomers w i t h  th e  phenyl group 
o c c u r r in g  p r e f e r e n t i a l l y  a t  th e  9 and 10 p o s i t i o n s  ( t h e  
p o s i t i o n  o f  th e  double  bond in  o l e i c  a c i d )  (see  t a b l e  1 . 3 ) .  
S u b s t i t u t i o n  a t  p o s i t i o n s  lower  than carbon number 6 (carbon  
number 1 is  p a r t  o f  th e  c a rb o x y l  group) does n o t  o c c u r ,  and 
i s  th o u g h t  t o  be p re v e n te d  by th e  r e p u l s i v e  a c t i o n  o f  t h e  
ca rb ox y l  a te  group.
Phenyl s t e a r i c  a c id  i s  a l i q u i d  a room t e m p e r a t u r e  as a 
r e s u l t  o f  th e  12 p o s i t i o n a l  isomers. The is o m e r ic  m ix t u r e  
a ls o  g ive s  th e  soaps o f  phenyl s t e a r i c  a c id  d i f f e r e n t  
s t r u c t u r e s  from those  expected  f o r  an u n s u b s t i t u t e d  a l i p h a t i c  
chai n .
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T a b le  1 .3  P ercen tage  o f  each isomer p re s e n t  in  phenyl
s t e a r i c  a c i d .
Isomer (phenyl  
group p o s i t i o n )
Percentage  
o f  isomer  
( 2 8 )
17 6.1
16 3 . 6
15 4 . 7
14 7 . 5
13 8 . 9
12 10. 7
11 12 . 8
10 16. 5
9 14. 7
8 8 . 5
7 3 . 9
6 2 . 0
1 . 3 . 1  L i th iu m  phenyl s t e a r a t e
L i th iu m  phenyl s t e a r a t e  (L iP S )  i s  a near  w h i t e  waxy 
s o l i d  when in  th e  anhydrous s t a t e .  K a g a r is e  ( 2 9 )  
i n v e s t i g a t i n g  v a r io u s  anhydrous soaps o f  phenyl s t e a r i c  a c i d ,  
found t h a t  a f t e r  exposure t o  m o is t  a i r ,  th e  l i t h i u m  soap a t  
no t im e  showed any d e t e c t a b l e  amount o f  w a te r  p r e s e n t .  T h is  
i s  no t  th e  case w i t h  sodium, potassium and c a lc iu m  soaps.
An i n v e s t i g a t i o n  o f  LiPS by H a r r is o n  e t  a l  ( 3 0 )  , us ing  
DSC, showed t h a t  LiPS goes through 3 f i r s t  o rd e r  t r a n s i t i o n s ,  
and th e s e  t r a n s i t i o n s  were l a b e l l e d  H2, H3 and Hj. The ty p e s  
o f  phases formed were c onf i rm e d  by p o l a r i s i n g  m icrosco py ,  X -  
ray  d i f f r a c t i o n  and 7Li NMR l i n e w i d t h  s t u d i e s .  The X - r a y  
d i f f r a c t i o n  showed t h a t  a t  room te m p e ra tu re  LiPS i s  in  a 
r e v e r s e  hexagonal phase, and on going through t h e  t r a n s i t i o n  
H2 a t  154°C i t  remains in  a re v e r s e  hexagonal phase, bu t  t h e  
l a t t i c e  param eter  changes from 36A t o  3 1 . 5A. The 7Li NMR 
l i n e w i d t h  narrows on going through th e  H2 t r a n s i t i o n ,  which  
cou ld  i n d i c a t e  th e  on se t  o f  l i m i t e d  r o t a t i o n a l  and
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t r a n s l a t i o n a l  motion w i t h i n  the  p o l a r  re g io n  o f  th e  
h e x a g o n a l ly  packed c y l i n d e r s .  They a ls o  made th e  assumption  
t h a t  the  a l i p h a t i c  c h a in s  a re  l i q u i d  l i k e  a t  room 
te m p e ra tu r e ,  and t h e r e f o r e  p la y  no p a r t  in  the  t r a n s i t i o n  H2-
Above th e  t r a n s i t i o n  H3 a t  227°C a b i r e f r i n g e n t  f o c a l  
con ic  t e x t u r e  o f  a fused hexagonal mesophase was observed  
using p o l a r i s i n g  m icroscopy.  The X - r a y  d i f f r a c t i o n  r e s u l t s  
conf i rm ed t h a t  LiPS s t i l l  packs w i th  some s o r t  o f  hexagonal  
o r d e r in g  a t  te m p e ra tu re s  above th e  H3 t r a n s i t i o n .  T r a n s i t i o n  
lead  to  th e  i s o t r o p i c  m e l t ,  and a t  370°C i s  a t  a much 
h ig h e r  te m p e ra tu re  than i s  observed f o r  l i t h i u m  s t e a r a t e  ( 6 ) ,  
which has a i s o t r o p i c  m e l t i n g  t r a n s i t i o n  o f  219°C.
1 .4  Aims
The aims o f  th e  c u r r e n t  i n v e s t i g a t i o n  were t o  t r y  and 
dete rm in e  th e  e f f e c t  o f  t h e  hydrocarbon p o r t i o n  o f  th e  
l i t h i u m  phenyl s t e a r a t e  m o lecu le  on th e  phase, and a ls o  t o  
dete rm in e  th e  e f f e c t  o f  th e  phenyl group on the  c o n fo rm a t io n s  
a l lo w e d  in  th e  a l i p h a t i c  backbone. I n f r a r e d  spec troscopy  was 
used t o  d e te rm in e  th e  numbers o f  g t g / g t g '  and gg d e f e c t s  
p r e s e n t  in  th e  a l i p h a t i c  backbone a t  v a r io u s  te m p e ra tu r e s .  
Cadmium s t e a r a t e  was a ls o  i n v e s t i g a t e d ,  as t h i s  a l s o  forms a 
r e v e rs e  hexagonal phase on h e a t in g ,  bu t  does n o t  have th e  
problem o f  th e  phenyl group.  Thus us ing cadmium s t e a r a t e  as 
a model compound we were a b le  t o  d e te rm in e  the  e f f e c t  o f  t h e  
phenyl group on th e  backbone o f  l i t h i u m  phenyl s t e a r a t e .
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2 M o le c u la r  v i b r a t i o n a l  spec troscopy
M o le c u la r  v i b r a t i o n a l  spectroscopy  i s  an im p o r ta n t  to o l  
t h a t  i s  used f o r  t h e  i d e n t i f i c a t i o n  o f  molecules and a n a ly s is  
o f  m o le c u la r  s t r u c t u r e .  These m o le c u la r  v i b r a t i o n s  occur in  
th e  i n f r a r e d  re g io n  o f  th e  e le c t r o m a g n e t ic  r a d i a t i o n  
spectrum, from *1 x 1 0 ^  Hz t o  *3 00 x 1 0^  Hz ( * 3  cm"1 t o  10 ,000  cm" 
M .  There  a r e  two s p e c t ro s c o p ic  methods used t o  "view" th e  
m o le c u la r  v i b r a t i o n a l  spectrum o f  a m olecu le :  th e s e  a re
i n f r a r e d ,  which w i l l  be d iscussed f u r t h e r ,  and Raman 
s pectroscopy  ( 1 ) .  These te c h n iq u e s  have d i f f e r e n t  s e l e c t i o n  
r u le s  f o r  which v i b r a t i o n s  appear in  th e  spectrum, and as 
such a re  not  m u tu a l l y  e x c l u s i v e  but complimentary  te c h n iq u e s .
2 .1  I n f r a r e d  s p ec tro scop y
I n f r a r e d  spectroscopy  i s  a te c h n iq u e  used t o  examine th e  
v i b r a t i o n a l  modes o f  p o ly a to m ic  m olecules  ( 1 , 2 , 3 ) ,  th e  
i n c i d e n t  i n f r a r e d  energy being absorbed a t  th e  f re q u e n c y  o f  
th e  v i b r a t i o n .  The number o f  v i b r a t i o n a l  modes produced by a 
m olecu le  is  3N-6 o r  3N-5 f o r  l i n e a r  m o le c u les ,  where N i s  t h e  
number o f  atoms in  th e  m o le c u le ,  and so f o r  example C02 has 
f o u r  v i b r a t i o n  modes. For a v i b r a t i o n a l  mode t o  be i n f r a r e d
a c t i v e  ( v i s i b l e  t o  i n f r a r e d  s p e c tro sc o p y ,  i f  no t  to o  weak) ,
t h e r e  has to  be a change in  th e  d i p o l e  moment o f  t h e  m olecu le  
d u r in g  th e  v i b r a t i o n ,  i . e . : -
A\l -  q r  *  0 ( 2 . 1 )
where An i s  th e  change in  d i p o l e  moment
r  i s  th e  d i s t a n c e  th e  c e n t r e  o f  charge  moves
q  i s  th e  charge
T h is  can be a f f e c t e d  by th e  symmetry o f  t h e  m o le c u le ;  
th e  h ig h e r  th e  symmetry th e  m olecu le  possesses, t h e  le s s
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F i g u r e  2 .1  The v i b r a t i o n  modes o f  c a r b o n  d i o x i d e  a )
s y m m e t r i c a l  s t r e t c h i n g ,  b ) . s y m m e t r i c a l  
s t r e t c h i n g ,  c )  i n  p la n e  b e n d in g  and d )  o u t  o f  
p la n e  b e n d in g .
0 = C = 0  0 — C= 0
Usnrtia)  S y m m t r i  c a l  S t r e t c h i n g  b) ’ l y n m l r i c i l  S t r e t c h i n g
c)  ! n  P l a n a  B a n d i n g  d]  Out  of P l a n a  B e n d i n g
p r o b a b le  i t  becomes t h a t  t h e r e  w i l l  be o f  a change i n  d i p o l e  
moment. A l s o  because  o f  symmetry  e le m e n ts  p r e s e n t  i n  a 
m o le c u le ,  many v i b r a t i o n s  c o u ld  be d e g e n e r a t e .  F i g u r e  2 .1  
shows t h e  v i b r a t i o n a l  modes p r e s e n t  i n  c a rb o n  d i o x i d e ,  namely  
2 s t r e t c h i n g  and 2 b e n d in g  v i b r a t i o n s .  Of  t h e  s t r e t c h i n g  
v i b r a t i o n s  o n l y  t h e  a s y m m e t r i c a l  v i b r a t i o n  g i v e s  r i s e  t o  a 
change i n  d i p o l e  moment A  \i and so o n l y  t h i s  v i b r a t i o n  i s  
v i s i b l e  i n  t h e  i n f r a r e d  s p e c t r u m .  The b e n d in g  v i b r a t i o n s  b o th  
g i v e  r i s e  t o  a change i n  d i p o l e  moment, and t h e r e f o r e  a r e  
b o th  i n f r a r e d  a c t i v e ,  b u t  t h e  symmetry  o f  t h e  C02 m o le c u l e  
makes th e s e  v i b r a t i o n s  i d e n t i c a l ,  and t h e r e f o r e  d e g e n e r a t e ,  
so o n l y  one b e n d in g  v i b r a t i o n  i s  seen i n  t h e  i n f r a r e d  
s p e c t ru m .  So f ro m  t h e  f o u r  v i b r a t i o n s  o n l y  tw o  a r e  seen i n
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th e  i n f r a r e d  spectrum. Along w i th  t h e  low i n t e n s i t y  o f  some 
v i b r a t i o n  modes, t h i s  reduces th e  number o f  v i b r a t i o n  t h a t  
a r e  observed in  th e  i n f r a r e d  spectrum o f  any p o ly a to m ic  
m o le c u l e .
2 . 1 . 1  C h a r a c t e r i s t i c  f r e q u e n c ie s
I t  was noted e a r l y  i n th e  h i s t o r y  o f  i n f r a r e d  
spectroscopy t h a t  many o f  th e  f u n c t i o n a l  groups p r e s e n t  in  a 
m o le c u le ,  such as C=0, v i b r a t e  a t  a p p ro x im a te ly  th e  same 
f req u e n c y  i r r e s p e c t i v e  o f  th e  m olecu le  t o  which th e  group is  
a t ta c h e d  ( 1 ) .  For example th e  v i b r a t i o n a l  s p e c t r a  o f  n -  
heptane ,  n -o c ta n e  and n-nonane w i l l  have a number o f  bands in  
common. The c h a r a c t e r i s t i c  f r e q u e n c ie s  o f  these  v i b r a t i o n s  
a re  u s u a l l y  o n ly  p e r tu r b e d  s l i g h t l y  by th e  presence o f  o t h e r  
f u n c t i o n a l  groups, making th e  i d e n t i f i c a t i o n  o f  th e  
f u n c t i o n a l  groups p r e s e n t  in  a m olecu le  easy. There  a re  
however e x c e p t io n s  t o  t h i s  r u l e :  hydrogen bonding f o r  example  
can f o r  example cause a s h i f t  in  th e  f req uency  o f  t h e  0-H and 
N-H s t r e t c h i n g  v i b r a t i o n s .
The c h a r a c t e r i s t i c ,  o r  group f r e q u e n c ie s  can be used in  
q u a l i t a t i v e  a n a l y s i s ,  such as i d e n t i f i c a t i o n  o f  th e  
homologous s e r i e s  t o  which a m olecu le  belongs.  For example  
th e  C-H S t r e t c h i n g  v i b r a t i o n  o f  hydrocarbons appear  a t  *2995  
cm”1 f o r  a m ethy lene  group,  *3025  cm"1 f o r  an e th e n e  group,  
*3055  cm"1 f o r  a phenyl group and *3334  cm"1 f o r  an e t h y l e n e  
g ro u p .
2 . 2  F o u r i e r  t r a n s fo r m  i n f r a r e d  spectroscopy
F o u r i e r  t r a n s fo r m  i n f r a r e d  s p e c t ro m e te rs  a r e  a 
r e l a t i v e l y  new in s t r u m e n t  in  most l a b o r a t o r i e s ,  i n c r e a s i n g  in  
number over  th e  l a s t  20 y e a r s .  T h is  in c r e a s e  in  number was
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caused by the  development o f  a f a s t  F o u r ie r  t r a n s fo rm  
a lg o r i t h m  by Cooley and Tukey ( 4 ) ,  and a ls o  the  i n t r o d u c t i o n  
o f  cheaper and more po w erfu l  microcomputers. A t  t h e  h e a r t  o f  
a F o u r ie r  t r a n s fo rm  i n f r a r e d  spectroscopy ( F T IR )  i s  a 
Michelson i n t e r f e r o m e t e r  (see  f i g u r e  2 . 2 ) ,  w i th  one m i r r o r  
a l lo w e d  to  move back and f o r t h .  A h a l f  s i l v e r e d  m i r r o r ,  
r e f l e c t s  a p o r t i o n  o f  th e  i n c i d e n t  r a d i a t i o n  onto  a 
s t a t i o n a r y  m i r r o r ,  and t r a n s m i t s  the  remainder th ro u g h  t o  a 
moving m i r r o r .  These a r e  then  r e f l e c t e d  back t o  th e  beam 
s p l i t t e r ,  and recombined, w i t h  a p o r t i o n  o f  th e  recombined  
r a d i a t i o n  going back t o  th e  source,  and the  rem ainder  going  
t o  th e  d e t e c t o r .  When t h e  two beams recombine a t  t h e  beam 
s p l i t t e r ,  an i n t e r f e r e n c e  p a t t e r n  ( in t e r f e r o g r a m )  is  
g e nera ted  and th e  p a t t e r n  v a r i e s  w i th  d isp la c em e n t  o f  th e  
moving m i r r o r  a long i t s  a x i s .
F ig u r e  2 . 2  Schematic  diagram o f  a M iche lson





N / x  X  X







2 . 2 . 1  Monochromatic l i g h t  source
As we l l  as th e  i n f r a r e d  source (which e m its  r a d i a t i o n  
over  a broad range o f  f r e q u e n c i e s )  a monochromatic H e l ium -  
Neon l a s e r  i s  used as a m aster  c lo c k  s ig n a l  t o  t im e  d a ta  
c o l l e c t i o n .  I f  th e  s t a t i o n a r y  m i r r o r  and moving m i r r o r  a re  
e q u i d i s t a n t  from th e  beam s p l i t t e r  then th e  two s p l i t  l a s e r  
beams t r a v e l  equal d is ta n c e s  and r e t u r n  t o  th e  beam s p l i t t e r  
in  phase and i n t e r f e r e  c o n s t r u c t i v e l y ,  and the  beam s p l i t t e r  
( i d e a l l y )  r e f l e c t s  the  recombined l a s e r  beams back to  th e  
source .
I f  the  moving m i r r o r  i s  moved by a q u a r t e r  o f  th e  
wavelength  o f  th e  l a s e r  s o u rc e ,  then th e  p o r t i o n  o f  th e  beam 
t r a v e l l i n g  t o  th e  moving m i r r o r  has t o  t r a v e l  an e x t r a  h a l f  
wavelength  b e fo r e  r e t u r n i n g  t o  th e  beam s p l i t t e r ,  making i t  
180° ou t  o f  phase w i th  th e  beam t r a v e l l i n g  to  th e  s t a t i o n a r y  
m i r r o r .  The recombining beams i n t e r f e r e  d e s t r u c t i v e l y ,  and 
the  beam s p l i t t e r  ( i d e a l l y )  r e f l e c t s  a l l  th e  l i g h t  t o  th e  
d e t e c t o r  and none t o  th e  s ourc e .  Thus th e  movement o f  th e  
m i r r o r  g e n e ra tes  a l t e r n a t e  l i g h t  and dark  bands a t  t h e  
d e t e c t o r ,  which i s  in  f a c t  a s in e  wave w i th  a w a v e le n g th  o f  
h a l f  t h a t  o f  th e  l a s e r  s o u rc e .  By c o u n t in g  th e  f r i n g e s  o f  th e  
d e te c te d  l a s e r  s i g n a l ,  th e  scanning m i r r o r  d is p la c e m e n t  can 
be determined a c c u r a t e l y .
2 . 2 . 2  Data c o l l e c t i o n
Before  an i n f r a r e d  spectrum can be produced an 
i n t e r f e r o g r a m  has t o  be c o l l e c t e d .  As mentioned b e fo r e  a 
hel ium -neon l a s e r  source ,  which ge n e ra tes  a s i n u s o i d a l  
i n t e r f e r o g r a m ,  i s  used t o  d e te rm in e  th e  m i r r o r  p o s i t i o n  by 
c oun t ing  th e  i n t e r f e r e n c e  f r i n g e s .  I f  a d a ta  p o i n t  i s  sampled
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a t  e v e ry  zero  c r o s s i n g ,  when i n t e n s i t y  o f  the  He-Ne1 l a s e r  
i n t e r f e r e n c e  f r i n g e s  a r e  a t  minimum, th e  mathematics o f  t h e  
F o u r i e r  t r a n s fo r m a t io n  p ro v id e s  a spectrum from 0 t o  15798 
cm'1 w i t h  31596 d a ta  p o in ts ^ .
Mattson in s t r u m e n ts  ( 5 )  use a more s o p h i s t i c a t e d  method 
f o r  sensing th e  p o s i t i o n  and v e l o c i t y  o f  m i r r o r .  The He-Ne  
l a s e r  i s  s t i l l  used as above but a q u a r te r -w a v e  d e la y  p l a t e  
and p o l a r  i s e r  a r e  p la c e d  in  th e  r e t u r n i n g  beam o f  t h e  
i n t e r f e r o m e t e r s  f i x e d  arm (see f i g u r e  2 . 3 ) .  T o g e th e r ,  t h e  
d e la y  p l a t e  and p o l a r i s e r s  g e n e ra te  a beam composed o f  2 s in e  
waves a t  r i g h t  ang les  and 90° ou t  o f  phase w i th  each o t h e r .  
The two components ( d e t e c t e d  a t  photo d iodes A1 and A2 (s e e  
f i g u r e  2 . 3 ) )  no t  o n ly  i n d i c a t e  th e  p o s i t i o n  o f  t h e  m i r r o r  but  
a ls o  th e  d i r e c t i o n  in  which i t  i s  t r a v e l l i n g .  T h is  a l l o w s  
c o l l e c t i o n  o f  d a ta  in  both d i r e c t i o n s  o f  m i r r o r  t r a v e l ,  
reduc ing  t im e  th e  r e q u i r e d  t o  c o l l e c t  l a r g e  numbers o f  scans.
2 . 2 . 3  Cubic c o r n e r  i n t e r f e r o m e t e r s
In  many i n t e r f e r o m e t e r  designs f l a t  m i r r o r s  a r e  used t o  
r e f l e c t  th e  i n c i d e n t  r a d i a t i o n .  F l a t  m i r r o r s  work  
s a t i s f a c t o r i l y ,  as long as th e y  remain e x a c t l y  p e r p e n d i c u l a r  
to  t h e  i n c i d e n t  beam. When th e  m i r r o r  t i l t s  th e  beam d iv e r g e s  
and loses  coherence ( t h e  a b i l i t y  t o  produce a p ro p e r  
i n t e r f e r e n c e  s i g n a l )  a t  th e  beam s p l i t t e r .
The He-Ne l a s e r  has a wave length  o f  *6 3 3 x 1 0"9 m and a 
f req uency  o f  15798 c m .
See Transform  te c h n iq u e s  in  c h e m is t ry  ( 6 )  f o r  d e t a i l s  
o f  d i s c r e t e  F o u r i e r  t r a n s fo rm s .
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F ig u r e  2 . 3  I n t e r f e r o m e t e r  used t o  d e te rm ine  p o s i t i o n  and 
d i r e c t i o n  o f  moving m i r r o r .  A1 and A2 a re  
photo d io d e s ,  B i s  t h e  quarter—wave d e la y  
p l a t e  and C a re  p o l a r i s e r s .
Fixed cube corner mirror




One s o l u t i o n  t o  t h i s  problem is  t o  use a i r  b e a r in g s ,  
where th e  m i r r o r  t r a v e l s  on a cushion o f  p r e s s u r is e d  gas and 
i s  v i r t u a l l y  f r i c t i o n  f r e e .  T h is  has i t s  draw backs in  t h a t  
th e  system is  expens ive  and r e q u i r e s  a supply  o f  compressed 
gas.
Another  s o l u t i o n  i s  t o  use c o r n e r  cube m i r r o r s .  These  
c o n s i s t  o f  3 m i r r o r s  p laced  p e r p e n d i c u la r  t o  each o t h e r .  T h is  
has th e  advantage t h a t  t h e  ou tg o in g  beam i s  a lways r e f l e c t e d  
p a r a l l e l  t o  th e  incoming beam (see f i g u r e  2 . 4 ) .  So c o r n e r  
cube m i r r o r s  can be b u i l t  w i t h  th e  more rugged and r e l i a b l e  
mechanical b e a r in g ,  and s t i l l  produce th e  high r e s o l u t i o n  and 
th e  s t a b i l i t y  r e q u i r e d  f o r  FTIR.
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F ig u r e  2 .4 Comparison o f  corn e r  cube and f l a t  m i r r o r s .
2 . 2 . 4  R e s o lu t io n
In  d i s p e r s i v e  i n f r a r e d  s p e c t ro m e te rs ,  th e  r e s o l u t i o n  is  
dependent on t h e  s l i t  w id th  and on th e  r e c i p r o c a l  o f  the  
l i n e a r  d isp la c em e n t  o f  t h e  d i f f r a c t i o n  g r a t i n g  (s e e  f i g u r e
2 . 5 ) .  As the  s l i t  w id th  i s  narrowed the  range o f  f r e q u e n c ie s  
passed to  th e  d e t e c t o r  decreases ,  r e s u l t i n g  i n  h ig h e r  
r e s o l u t i o n .  In  FTIR th e  r e s o l u t i o n  is  in cre a s ed  by in c r e a s in g  
th e  maximum d is p la c e m e n t  o f  th e  m i r r o r  from th e  e q u i l i b r i u m  
p o s i t i o n ,  and t h e  r e s o l u t i o n  i s  g iven b y : -
N yq u is t  sampling  t h e o r y  d i c t a t e s  t h a t  a t  l e a s t  2 d a ta  
p o in t s  a re  r e q u i r e d  in  t h e  f req uency  range v t o  v+i?» where  
v  i s  the  f re q u e n c y  and r  i s  th e  r e s o l u t i o n ,  t o  p re v e n t
(2 . 2 )
where d  i s  th e  d is p la c e m e n t  o f  th e  m i r r o r
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a l i a s i n g 3. So i f  th e  r e s o l u t i o n  i s  1 cm"* and th e  f req u e n c y  
range i s  0 t o  157^3 cm"1, then  31596 d a ta  p o in ts  a r e  r e q u i r e d  
to  r e p r e s e n t  t h e  spectrum, w i t h  d a ta  p o in ts  ev ery  0 . 5  cm"1. 
I f  t h e  r e s o l u t i o n  was changed t o  2 cm"1, then on ly  15798 d a ta  
p o in t s  would be r e q u i r e d ,  w i t h  a d a ta  p o i n t  every  1 cm"1. 
F ig u r e  2 . 5  Schematic  d iagram o f  a d i s p e r s i v e  i n f r a r e d  

















2 . 2 . 5  Under sampling
As mentioned b e f o r e ,  i f  a d a ta  p o i n t  i s  sampled a t  each 
ze ro  c r o s s in g  p o i n t  o f  th e  He-Ne l a s e r  i n t e r f e r o g r a m ,  then we 
have a spectrum o f  bandwidth 0 t o  15798 cm’ 1. I f  t h i s  i s  
sampled a t  one wavenumber r e s o l u t i o n  then  31596 d a t a  p o in t s  
a re  r e q u i r e d  per  spectrum. T h is  i s  a l a r g e  amount o f  d a ta  t o  
process and s t o r e ,  but  i t  i s  p o s s ib le  t o  sample t h e  
i n t e r f e r o g r a m  le s s  o f t e n .  For example i f  th e  d a ta  i s  sampled
N y q u is t  sampling theorem s t a t e s  t h a t  t h e  h i g h e s t  
f re q u e n c y  s in e  wave in  a spectrum must be sampled a t  
r a t e  o f  a t  l e a s t  two p o in t s  per  c y c l e  in  o r d e r  t o  be 
r e p re s e n te d  a c c u r a t e l y .  I f  le s s  than  2 p o in t s  a r e  used 
then  th e  s in e  wave w i l l  appear t o  have a lower  
f re q u e n c y  than  i t  a c t u a l l y  has, which i s  c a l l e d  
a l i a s i n g .
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a t  every  o t h e r  ze ro  c ro s s in g  o f  th e  He-Ne la s e r  
in t e r f e r o g r a m ,  then  th e  number o f  d a ta  p o in t s  w i l l  be h a lv e d .  
T h is  has no e f f e c t  on r e s o l u t i o n ,  as t h i s  i s  dependent s o l e l y  
on th e  o p t i c a l  r e t a r d a t i o n  o f  the  m i r r o r  ( d i s t a n c e  m i r r o r  
moves), but th e  bandwidth i s  ha lved so th e  f req u e n c y  range is  
0 t o  7899 cm"1. As th e  mid i n f r a r e d  re g io n  i s  *400  t o  4000 cm" 1 
no p e n a l ty  is  i n c u r r e d ,  bu t  th e  d a ta  s e t  i s  h a l f  t h e  s i z e  and 
the  processing  t im e  i s  reduced.
2 . 2 . 6  Zero f i l l i n g
Zero f i l l i n g  i s  a t e c h n iq u e  used t o  in c re a s e  t h e  number 
o f  d a ta  points in  a spectrum ( t h e  d i g i t a l  r e s o l u t i o n ) ,  thus  
improving th e  s p e c t r a l  r e p r e s e n t a t i o n , w i t h o u t  in c r e a s i n g  th e  
s p e c t r a l  r e s o l u t i o n ,  which in c re a s e s  scan t im e .  I f  N i s  th e  
number o f  d a ta  p o in t s  in  th e  i n t e r f e r o g r a m ,  then  t o  double  
the  d i g i t a l  r e s o l u t i o n  N /2  ze ro  d a ta  p o in t s  a re  added t o  each 
s id e  o f  the  in t e r f e r o g r a m  b e fo r e  i t  i s  F o u r ie r  t ra n s fo rm e d  
( 6 ) .  The zero  d a ta  i s  a u t o m a t i c a l l y  i n t e r p o l a t e d  i n t o  th e  
spectrum by th e  F o u r i e r  t r a n s fo r m ,  g i v i n g  a spectrum
c o n t a in in g  2N p o i n t s .  T h is  te c h n iq u e  i s  p a r t i c u l a r l y  u s e fu l  
when i n v e s t i g a t i n g  bands w i t h  small band w id th s  such as gas 
r o t a t i o n  bands. I t  a ls o  improves th e  r e l i a b i l i t y  o f  removing  
w a te r  and carbon d i o x i d e  bands a t  high r e s o l u t i o n  (R<1 cm"1) 
and when th e  r a t i o  o f  a s i n g l e  beam sample s p e c t r a  w i t h  
s i n g l e  beam background s p e c t r a  is  ta k e n .
2 . 2 . 7  A p o d iz a t io n
To be o f  any p r a c t i c a l  use th e  d a ta  c o l l e c t e d  as an 
i n t e r f e r o g r a m  has t o  be processed by a F o u r i e r  t r a n s fo r m  
a lg o r i t h m  to  produce a spectrum. A problem a r i s e s  when 
c a l c u l a t i n g  th e  F o u r i e r  t r a n s fo r m :  t o  c a l c u l a t e  t h e  F o u r i e r
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t r a n s fo r m  we need to  i n t e g r a t e  from n e g a t iv e  t o  p o s i t i v e  
i n f i n i t y .  However, th e  d a ta  c o l l e c t e d  o n ly  goes between ± d /2 ,  
where d is  th e  o p t i c a l  r e t a r d a t i o n  f o r  the  m i r r o r .  T h is  
produces in  e f f e c t  th e  i n f i n i t e  d a ta  s e t  m u l t i p l i e d  by a 
boxcar f u n c t i o n  (boxcar  has v a lu e s  o f  1 between ±d / 2  and 0  
e ls e w h e r e ) .  The t r u n c a t i o n  o f  th e  in t e r f e r o g r a m  a b r u p t l y  can 
cause problems o f  “ r in g in g " *  and in c r e a s e  background n o is e .  
T h is  can be improved i f  t h e  i n t e r f e r o g r a m  is  m u l t i p l i e d  by a 
f u n c t i o n  which reduces g r a d u a l l y  t o  ze ro  a t  t h e  t r u n c a t i o n  
p o i n t .  T y p ic a l  a p o d iz a t io n  f u n c t i o n s  in c lu d e  t r i a n g u l a r ,  
Besse ls  and s in e  f u n c t i o n s ,  and a l l  have v a ry in g  a d vantages ,  
which tend mean t h a t  t h e  more th e  r in g in g  and n o is e  i s  
improved the  lower th e  r e s o l u t i o n  o f  th e  r e s u l t i n g  spectrum.  
So t h e  choice  i s  between a n o is e r  spectrum or  re d u c in g  th e  
r e s o l u t i o n .
2 . 2 . 8  I n t e r f e r o m e t e r  advantages
A F o u r ie r  t r a n s fo r m  i n f r a r e d  s p e c tro m e te r  has s e v e r a l  
advantages over  d i s p e r s i v e  in s t ru m e n ts  which a re  as f o l l o w s : -
i )  M u l t i p l e x i n g  advantage ( F e l l g e t t ’ s a d v a n ta g e ) :  An
in t e r f e r o m e t e r  does no t  s e p a r a t e  th e  i n c i d e n t  r a d i a t i o n  
i n t o  i n d i v i d u a l  f r e q u e n c ie s  b e fo re  measurement. So each  
p o in t  on th e  in t e r f e r o g r a m  c o n ta in s  i n f o r m a t i o n  from  
each wavelength  p r e s e n t  in  th e  in p u t  s i g n a l .  T h is  means 
t h a t  i f  8000 p o in t s  a re  c o l l e c t e d  a lo n g  th e  
i n t e r f e r o g r a m ,  each w ave length  i s  sampled 8000 t im e s .  By 
c o n t r a s t  when a d i s p e r s i v e  in s t ru m e n t  i s  used,
R ing ing  i s  th e  name g ive n  t o  o s c i l l a t i o n s  t h a t  can 
occur  around th e  base o f  bands in  t h e  i n f r a r e d  
spectrum.
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measurement o f  8000 i n d i v i d u a l  p o in ts  acro ss  th e  
spectrum samples each wavelength  o n ly  once.
i i )  Throughput advantage ( J a c q u i n o t ’ s a d v a n t a g e ) : T h e s im p le  
o p t i c a l  path  o f  th e  i n t e r f e r o m e t e r  (no s l i t s  and few er  
o p t i c a l  e lem ents  than  a d i s p e r s i v e  in s t r u m e n t )  p e rm i ts  
much more energy t o  reach th e  d e t e c t o r  than i s  p o s s ib le  
w i th  a d i s p e r s i v e  in s t r u m e n t  (much o f  th e  energy  being  
l o s t  a t  th e  s l i t ) .  T h is  in c r e a s e i th e  p o t e n t i a l  s ig n a l  t o  
noise  r a t i o  o f  th e  spectrum. Thus, w i th  F e l l g e t t ’ s 
advantage,  an FTIR s p e c t ro m e te r  can produce h igh  q u a l i t y  
i n f r a r e d  s p e c t r a  in  a f r a c t i o n  o f  th e  t im e  r e q u i r e d  t o  
o b ta in  th e  same spectrum on a d i s p e r s i v e  in s t r u m e n t .
A ls o ,  as th e  r e s o l u t i o n  i s  in c re a s e d  on a 
d i s p e r s iv e  in s t r u m e n t ,  th e  s l i t  must be narrowed,  thus  
reducing th e  energy t o  the  d e t e c t o r .  In  a FTIR  
s p e c tro m e te r  o n ly  th e  m i r r o r ’ s o p t i c a l  r e t a r d a t i o n  
in c reases  w i t h  in c re a s e d  r e s o l u t i o n ,  w i th  no r e s u l t i n g  
decrease in  energy th ro u g h p u t .
i i i )  Frequency p r e c i s i o n  (Conne’ s a d v a n ta g e ) :  With  d i s p e r s i v e  
in s t ru m e n ts ,  th e  f re q u e n c y  p r e c i s i o n  and accuracy  
depends on c a l i b r a t i o n  w i th  e x t e r n a l  s t a n d a r d s ,  and on 
th e  a b i l i t y  t o  move th e  g r a t i n g s  and s l i t s  u n i f o r m ly  
th roughout  th e  scan. By c o n t r a s t  an FTIR s p e c t ro m e te r  
has i t s  own f re q u e n c y  s ta n d a rd  p r e s e n t ,  u s u a l l y  a He-Ne  
l a s e r .  The m i r r o r  movement and beam sampling a r e  c locked  
by the  f r i n g e s  from th e  monochromatic i n t e r f e r o g r a m .  A l l  
f r e q u e n c ie s  o f  th e  o u tp u t  spectrum a re  c a l c u l a t e d  from  
th e  f req uency  o f  th e  l a s e r  source which does n o t  v a r y .  
So FTIR s p e c t ro m e te rs  can a c h ie v e  a f re q u e n c y  p r e c i s i o n
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o f  b e t t e r  than  ± 0 . 0 1  cm"1,
i v )  Constant  s p e c t r a l  r e s o l u t i o n :  In  a FTIR s p e c t ro m e te r  th e  
r e s o l u t i o n  o f  th e  measured spectrum is  f re q u e n c y  
independent .  T h is  i s  no t  th e  case w i th  a f i x e d  s l i t  
d i s p e r s i v e  in s t r u m e n t  which has a f req uency  dependent  
r e s o l u t i o n .  To keep t h e  r e s o l u t i o n  f requency  independent  
f o r  a d i s p e r s i v e  in s t r u m e n t  r e q u i r e s  a complex d r i v e  
system f o r  th e  s l i t ,  v a r y in g  th e  s l i t  w id th  as th e  
f requency  changes.
2 . 3  I n t e r p r e t a t i o n
Among th e  problems w i t h  i n f r a r e d  spectroscopy  i s  th e  
i n t e r p r e t a t i o n  o f  d a ta  g a th e r e d ,  and th e  p r e d i c t i o n  o f  th e  
f req uency  and i n t e n s i t y .  M a r o n c e l l i  ( 7 )  and Jona ( 8 ) ,  among 
o t h e r s ,  have had c o n s id e r a b l e  success p r e d i c t i n g  f r e q u e n c ie s  
o f  v i b r a t i o n s  produced by n - a l k a n e s  (even f o r  n o n - l i n e a r  
c o n fo rm a t io n s )  us ing normal c o - o r d i n a t e  a n a l y s i s .  Jona ( 9 , 1 0 )  
has a ls o  had l i m i t e d  success p r e d i c a t i n g  the  i n t e n s i t y  o f  
i n f r a r e d  v i b r a t i o n s  f o r  n - a lk a n e s  and p o ly e t h y l e n e .  Problems  
s t i l l  remain where band c on to urs  o v e r l a p ,  or  b a s e l in e  and 
band p r o f i l e s  change when th e  phase o f  a sample changes.  
There  a re  s e v e r a l  te c h n iq u e s  a v a i l a b l e  t o  th e  s p e c t r o s c o p i s t  
to  a i d  in  th e  i n t e r p r e t a t i o n  o f  these  changes.
2 . 3 . 1  S u b t r a c t io n  o f  s p e c t r a
S u b t r a c t io n  o f  s p e c t r a  i s  a te c h n iq u e  which can be used 
to  f i n d  changes in  th e  a r e a ,  th e  f req u e n c y  and t h e  p r o f i l e  o f  
i n f r a r e d  bands. I t  can a l s o  be used t o  f i n d  any bands t h a t  
have appeared o r  d is a p p e a re d  on going through  a phase 
t r a n s i t i o n ,  o r  t o  remove th e  s o lv e n t  c o n t r i b u t i o n  from a 
s o lv e n t /s a m p le  spectrum.
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To ach ieve  a re as o n ab le  s u b t r a c t i o n  o f  s p e c t r a ,  a band 
i s  r e q u i re d  t h a t  i s  p r e s e n t  in  both s p e c t r a  and i s  
u n a f fe c te d  by te m p e ra tu r e  o r  phase. T h is  band is  th e n  used t o  
c a l c u l a t e  a w e ig h t in g  f a c t o r  f o r  th e  two s p e c t r a  b e fo re  
s u b t r a c t i o n ,  and t h i s  i s  then  used t o  no rm a l is e  t h e  s p e c t r a .  
The r e s u l t i n g  s u b t r a c t i o n  spectrum should have ze ro  i n t e n s i t y  
a t  t h i s  band p o s i t i o n ,  w h i l e  th e  r e s t  o f  th e  spectrum shows 
up any d i f f e r e n c e s .
2 . 3 . 2  S p e c t r a l  d e r i v a t i v e s
S p e c t r a l  d e r i v a t i v e s  can be a p p l i e d  to  the  problem o f  
e s t im a t i n g  th e  peak p o s i t i o n  o f  bands w i t h i n  a m u l t i  pi e t .  The 
te c h n iq u e  is  a p p l i c a b l e  t o  many d i f f e r e n t  s p e c t r o s c o p ic  
te c h n iq u e s ,  and produces a band sharpening  e f f e c t ,  but  
r e q u i r e s  on ly  l i m i t e d  computer power. The second and f o u r t h  
d e r i v a t i v e s  a re  th e  ones u s u a l l y  a p p l ie d  to  s p e c t r a ,  as these  
produce maxima a t  th e  p o s i t i o n  o f  th e  peaks w i t h i n  th e  
s p e c t r a  (second d e r i v a t i v e s  have to  be in v e r t e d  t o  produce  
th e  maxima a t  th e  peak p o s i t i o n ) .
F ig u re  2 . 6  shows a s y n th e s is e d  o v e r la p p in g  band c onto ur  
and i t s  i n v e r t e d  second d e r i v a t i v e :  t h e  p o s i t i o n s  o f  th e
bands w i t h i n  th e  band co n to u r  can be seen c l e a r l y .  The 
problem w i th  d e r i v a t i v e  s p e c t r a  i s  t h a t  a l tho ugh  l a r g e  peaks 
can be c l e a r l y  r e s o lv e d ,  a d e t e r i o r a t i o n  in  t h e  s i g n a l  t o  
no ise  r a t i o  occurs  w i th  th e  d e r i v a t i v e  o p e r a t i o n ,  so small  
peaks may be hidden in  t h e  n o is e .
The i n t e n s i t i e s  o f  th e  d e r i v a t i v e  components have no 
d i r e c t  r e l a t i o n s h i p  t o  th e  i n t e n s i t i e s  o f  th e  o r i g i n a l  bands,  
so o n ly  th e  p o s i t i o n s  and not  th e  i n t e n s i t i e s  can be 
determ ined from th e  d e r i v a t i v e  spectrum. Another  prob lem  w i t h
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t h i s  te c h n iq u e  i s  th e  d e r i v a t i v e  process i t s e l f ,  f o r  a s i n g l e  
peak spectrum an n^ o r d e r  d e r i v a t i v e  w i l l  g e n e ra te  n zero  
c ro s s in g  p o in ts  and n+1 t u r n i n g  p o in t s .  So f o r  t h e  second 
o r d e r  d e r i v a t i v e  t h e r e  a re  t h r e e  t u r n i n g  p o in ts  ( 2  maxima and 
1 minimum) p re s e n t  in  th e  spectrum ( t h e  minimum being a t  th e  
a c t u a l  peak p o s i t i o n ) .  So i f  th e  number o f  bands in  th e  
o r i g i n a l  spectrum is  in c re a s e d  then th e  c o m p le x i ty  o f  th e  
d e r i v a t i v e  spectrum in c r e a s e s ,  and th e  i n t e r p r e t a t i o n  can 
become more d i f f i c u l t .
2 . 3 . 3  F o u r ie r  s e l f  d e c o n v o lu t io n
Bands p re s e n t  in  th e  i n f r a r e d  spectrum may have many 
d i f f e r e n t  c o n t r i b u t i o n s  t o  th e  band p r o f i l e ,  i n c l u d i n g  th e  
i n t r i n s i c  l i n e w i d t h  o f  th e  v i b r a t i o n  and in s t r u m e n ta l  
broaden ing .  By removing some o f  th e  c o n t r i b u t i o n s  to  th e  
l i n e w i d t h  and l in e s h a p e  o f  a band, th e  bandwidth can be 
narrowed, g i v i n g  an a p p a re n t  improvement in  r e s o l u t i o n .  
F o u r i e r  s e l f  d e c o n v o lu t io n  i s  one o f  th e  te c h n iq u e s  which  
have be developed f o r  removing a c o n t r i b u t i n g  l in e s h a p e  from  
a band p r o f i l e ,  and thus in c r e a s in g  th e  a p p a re n t  r e s o l u t i o n  
o f  o v e r la p p in g  band c o n to u rs .
The o r i g i n a l  spectrum (und e co n v o lu ted )  can be seen as 
th e  c o n v o lu t io n  o f  th e  l in e s h a p e  we wish t o  remove, w i t h  th e  
deconvoluted  spectrum. M a t h e m a t i c a l l y  t h i s  can be w r i t t e n  
a s : -
E( v)  -  E ' ( \ ) * E 0 ( \ )  ( 2 .3 )
where e {v ) i s  th e  observed band p r o f i l e .
E0 {v) i s  th e  l in e s h a p e  t o  be removed.












F ig u r e  2 .6 A s y n th e s is e d  band con to ur  w i th  th e  i n v e r t e d  
second d e r i v a t i v e .
O r i g i n a l
2 0 B 0  2 0 0 0  1 O B 0  1 B 0 0  1 B B 0Wavanumbara
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E0{ v ) , th e  l in e s h a p e  t o  be removed, is  assumed to  be 
a L o r e n tz ia n  l i n e .
F o u r ie r  s e l f  d e c o n v o lu t io n  was developed f o r  i n f r a r e d  
spectroscopy by Kauppinen e t  a l  ( 1 1 , 1 2 , 1 3 )  who demonstrated  
th e  mathematics and p o s s ib le  a p p l i c a t i o n s  and l i m i t a t i o n s  o f  
th e  te c h n iq u e .
The F o u r ie r  s e l f  d e c o n v o lu t io n  te c h n iq u e  o p e r a te s  on th e  
i n v e r s e  F o u r ie r  t r a n s fo r m  o f  th e  f req u e n c y  spectrum e (v ) r
I ( x )  .
The L o r e n tz ia n  l in e s h a p e  has th e  f o r m : -
Eo W  -  <2 - 4 )a2+v
where 0 i s  th e  h a l f  w id th  a t  h a l f  h e ig h t  o f  th e
L o r e n tz ia n  band,  
v i s  th e  f r e q u e n c y .
The in v e r s e  F o u r i e r  t r a n s fo r m 5 o f  eqn. 2 .4  i s : -
I 0 (x)  -  e -2*obA (2 . 5 )
where I 0 {x)  i s  th e  in v e r s e  F o u r i e r  t r a n s fo r m  o f  ^ ( v )
By t a k in g  t h e  in v e r s e  F o u r i e r  t r a n s fo r m  o f  eqn. 2 .3  we
g e t : -
5 The F o u r ie r  t r a n s fo r m  o f  th e  f u n c t i o n  f ( x )  i s  d e f in e d
a s : -
gr(v) -  J f { x )  e~i2lzvxdx
The in v e r s e  F o u r ie r  t r a n s fo r m  o f  t h e  f u n c t i o n  gr(v) i s
d e f in e d  a s : -
f ( x )  -  JV(v) e i2*vxdv
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J , ( x )  ■ ( 2 - 6)
The de convo lu ted  spectrum e / (v ) i s  found by t a k i n g  th e  
F o u r i e r  t r a n s fo r m  o f  I *  {x)
There  i s  a problem w i t h  us ing e q u a t io n  2 . 6 ,  in  t h a t  th e  
no is e  in  th e  spectrum i s  a m p l i f i e d  e x c e s s i v e l y .  The no is e  can 
be reduced by t h e  i n t r o d u c t i o n  o f  an a p o d iz a t io n  f u n c t i o n ,  
which t r u n c a t e s  t h e  i n t e r f e r o g r a m  a t  a p o i n t  L. So t h a t  when 
m u l t i p l i e d  by t h e  i n t e r f e r o g r a m  I f ( x ) , t h i s  g ive s  a r e s u l t i n g  
i n t e r f e r o g r a m  which is  equal t o  I *  (x) xDg {x) up t o  t h e  p o in t  
L and zero  f o r  t h e  r e s t  ( Dg{x)  i s  th e  a p o d iz a t io n  f u n c t i o n )
The r e s u l t i n g  i n t e r f e r o g r a m  is  g ive n  b y : -
_ I ( x )  x D ( x )
and th e  d e convo lu ted  spectrum is  g iven  b y : -
tf7 (v) - F i l ' i x ) )  ( 2 . 8 )
where i s  th e  F o u r i e r  t r a n s fo r m  o p e r a t i o n .
The a p o d i z a t i o n  f u n c t i o n  can be one o f  many f u n c t i o n s .  
One example i s  th e  t r i a n g u l a r  squared f u n c t i o n .  T h is  has th e  
f o r m : -
D A x ) -  ( l - 4 > 2  IxkL9 1 ( 2 . 9 )
Dg{x)  -  0 lxl>£
where Z_ i s  t h e  t r u n c a t i o n  p o i n t  o f  th e  i n t e r f e r o g r a m .
The a p p a re n t  r e s o l u t i o n  enhancement is  g iven  by ( 1 4 ) : —
K  ^ 2  ( 2 . 1 0 )«i/a
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where fi1 / 2  i s  th e  f u l l  w id th  a t  h a l f  h e ig h t  o f  th e
o r i g i n a l  spectrum.
&1 / 2  th e  w id th  a t  h a l f  h e ig h t  o f  th e
deconvo lu ted  spectrum .
K can a ls o  be d e f in e d  as ( 1 3 ) : —
K  -  4o — (2 .1 1 )a
where o i s  th e  h a l f  w id th  a t  h a l f  h e ig h t  o f  th e
d e c o n v o lu t io n  i n t r i n s i c  l in e s h a p e  f u n c t i o n .
L i s  t h e  t r u n c a t i o n  p o i n t  o f  th e  i n t e r f e r o g r a m .  
a i s  a c o n s ta n t  dependent upon the  a p o d i z a t i o n  
f u n c t i o n  used.
James e t  a l  ( 1 4 )  i n v e s t i g a t e d  th e  e f f e c t  o f  a p o d i z a t i o n  
f u n c t i o n  on a s i n g l e  s y n t h e t i c  peak o f  FWHH = 5 0 .1 4  cm" 1 and 
an i n t e n s i t y  o f  0 . 2  absorbance u n i t s .  F ig u re  2 .7  shows th e  
e f f e c t  o f  a p o d iz a t io n  f u n c t i o n  on th e  Gibbs o s c i l l a t i o n s  
( r i n g i n g )  ( K i s  ta k en  t o  be 3 ,  o i s  taken  to  be 49 cm'1) .  
Some f u n c t i o n s  reduce t h e  r i n g i n g  more e f f e c t i v e l y  than  
o t h e r s ,  but a t  a c o s t  o f  re d u c in g  th e  r e s o l u t i o n  enhancement.
F ig u re  2 . 8  shows th e  same s y n t h e t i c  spectrum as used in  
F ig u r e  2 . 6 ,  and i t s  d e convo lu ted  e q u i v a l e n t .  As can be seen  
t h e  F o u r ie r  s e l f  d e c o n v o lu t io n  produces an enhancement in  th e  
s p e c t r a l  r e s o l u t i o n ,  so peak p o s i t i o n s  can be found w i t h  
g r e a t e r  accu racy .  A ls o ,  in  t h e o r y ,  i f  th e  c o r r e c t  l i n e  shape  
has been removed from th e  spectrum , th e  i n t e g r a t e d  i n t e n s i t y  
o f  a band in  th e  d e convo lu ted  spectrum should  be t h e  same as 












F ig u r e  2 .7  The e f f e c t  o f  a p o d iz a t io n  f u n c t i o n  on Gibbs  
o s c i l l a t i o n s  in  th e  d e c o n v o lu t io n  o f  a s i n g l e  
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F ig u r e  2 . 8 A s y n th e s is e d  band co n to u r  w i th  
s e l f  deconvo lu ted  spectrum.
i t s F o u r i e r
Original
Deconvoluted
SOSO 8000 1900 1900 1800Wavenumbera
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F o u r ie r  s e l f  d e c o n v o lu t io n  does have i t s  l i m i t a t i o n s ,  in  
th e  f a c t  t h a t  th e  bandwidth o f  th e  removed L o r e n t z ia n  l i n e  is  
l i m i t e d  to  th e  minimum bandwidth w i t h i n  t h e  o r i g i n a l  
spectrum. I f  th e  bandwidth o f  th e  removed L o r e n tz ia n  l i n e  i s  
l a r g e r  than th e  minimum bandwidth in  th e  o r i g i n a l  spectrum,  
then  s id e  lobes begin t o  appear  in  th e  d e c o n v o lu t io n ,  as in  
f i g u r e  2 .9  which i s  an o v e r  deconvoluted  v e r s io n  o f  th e  
spectrum o f  f i g u r e  2 . 8 .
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gure 2 .9  A s y n th e s is e d  band conto ur  w i th  i t s  F o u r ie r  
s e l f  deconvo lu ted  spectrum, which has been 
over  deco n v o lu te d .
Original
OverDeconvoluted
2000 2000 1SB0 1B00 1800Wavenumbera
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3 Non p la n a r  c o n fo rm a t io n s  in  n - a lk a n e s  and t h e i r  d e r i v a t i v e s
Many o r g a n ic  compounds undergo a s e r i e s  o f  s o l i d - s o l i d  
phase t r a n s i t i o n  p r i o r  t o  m e l t in g  ( 1 - 3 ) .  The s im p le s t  c la s s  
o f  o rg a n ic  m olecu les  t o  e x h i b i t  t h i s  type  o f  b e h a v io u r  a re  
th e  n -a lk a n e s .  The n -a lk a n e s  a re  one o f  th e  most s tu d ie d  
groups o f  compound ( e s p e c i a l l y  i f  th e  l i m i t i n g  case o f  high  
m o le c u la r  w e ig h t  p o ly e t h y l e n e  i s  in c lu d e d )  ( 4 - 8 ) ,  and an 
u nders tand ing  o f  t h e  polymorphism o f  n -a lk a n e s  i s  u s e fu l  in  
the  unders tand ing  o f  more complex m olecules  which have an 
a l i p h a t i c  p o r t i o n ,  such as f a t t y  a c id s ,  soaps and 
p h o s p h o l ip id s  ( 9 , 1 0 ) .
3.1 n -A lkanes
In  the  c r y s t a l l i n e  phase n -a lk a n e s  show a v a r i e t y  o f  
c r y s t a l l i n e  s t r u c t u r e s  t h a t  depend upon th e  number o f  carbon  
atoms p re s en t  and i f  t h i s  number i s  odd o r  even ( 4 , 5 , 6 , 9 ) .  
S h o r t  cha in  n - a lk a n e s  w i t h  even numbers o f  carbon atoms have 
been shown to  pack on t o  t r i c l i n i c  u n i t  c e l l s ,  a t  l e a s t  up t o  
n-octadecane  ( 6 , 9 ) ,  but  f o r  lo n g e r  c h a in  le n g th s  th e y  can 
pack w i th  o r thorho m b ic  o r  m o n o c l in ic  c r y s t a l  s t r u c t u r e s
( 5 . 6 . 9 ) .  In  th e  c r y s t a l l i n e  phase odd n -a lk a n e s  w i t h  n ine  or  
more carbon atoms show n e a r l y  i d e n t i c a l  o r th o rh o m b ic  packing  
( 5 , 6 , 9 , 1 2 ) ,  w h i l e  s h o r t e r  cha ins  show t r i c l i n i c  packing
( 6 . 9 ) .  Th is  would tend  t o  i n d i c a t e  t h a t  f o r  lo n g e r  cha in  n -  
a lk a n e s  the  odd/even e f f e c t  on c r y s t a l  s t r u c t u r e  i s  reduced.
3 . 1 . 1  R o ta to r  phase
The phase b e h a v io u r  o f  n -a lk a n e s  i s  q u i t e  complex ( 1 1 ) ,  
but  a l l  the  odd n - a lk a n e s  n-CgHgg and n-C^Hgg undergo a t  l e a s t  
one p r e - m e l t i n g  phase t r a n s i t i o n  ( 7 ) .  M u l l e r  ( 4 ) ,  i n  an e a r l y  
s tudy  o f  s o l i d - s o l i d  phase t r a n s i t i o n s  o f  n - a lk a n e s  showed,
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using X - r a y  d i f f r a c t i o n  te c h n iq u e s ,  t h a t  over one o f  the  
s o l i d - s o l i d  phase t r a n s i t i o n s  th e  u n i t  c e l l  changes so as t o  
approach hexagonal symmetry ( o n l y  molecules lo n g e r  than  n-  
C2 1 H44 g i ve  t r u e  hexagonal symmetry ( 1 3 ) ) .  The s tudy  showed 
t h a t  th e  phase t r a n s i t i o n s  were accompanied by o r i e n t a t i o n a l  
d i s o r d e r i n g :  th e  m o lecu les  were env isaged as e x e c u t in g  a more 
o f  le s s  complete r o t a t i o n a l  jump about th e  long a x is  w h i l e  
m a in ta in in g  a f u l l y  ex tended c o n fo rm a t io n .  Models based on 
th e  assumption t h a t  th e  n - a lk a n e  m olecules  r o t a t e  in  th e  h igh  
te m p e ra tu re  s o l i d  phase, have been m odera te ly  s u c c e s s fu l  in  
p r e d i c t i n g  thermodynamic d a ta  ( 1 4 ) .  In  f a c t  the  r o t a t o r  model 
found acceptance t o  such an e x t e n t  t h a t  th e  high te m p e ra tu r e  
phases o f  n -a lk a n e s  and s i m i l a r  compounds are  o f t e n  c a l l e d  
r o t a t o r  phases.
3 . 1 . 2  Kink b lock  model
Absent from th e  r o t a t o r  phase model in  i t s  o r i g i n a l  form
is  th e  c o n s id e r a t io n  o f  c o n fo rm a t io n a l  d i s o r d e r .  B la s en bry
and Pechhold ( 1 5 )  proposed a model based on c o n fo r m a t io n a l  
d e f e c t s  termed " k i n k s " .  T h is  r e q u i r e d  t h a t  th e  c o n c e n t r a t i o n  
o f  gauche bonds in  th e  n - a lk a n e  C|gH40, f o r  example, would be 
between 4 and 8  per  m o le c u le ,  i f  th e  r o t a t o r  phase was 
e n t i r e l y  due t o  k in k  d e f e c t s .
Barnes and Fanconi ( 1 6 )  s tu d ie d  C|gH^ in  t h e  h igh
te m p e ra tu re  r o t a t o r  phase us ing Raman s p e c t ro s c o p y .  They  
found t h a t  th e  c o n c e n t r a t io n  o f  gauche d e fe c t s  r e q u i r e d  by 
th e  k in k  block model was n o t  p re s e n t  in  th e  h igh t e m p e r a tu r e  
" r o t a t o r "  phase, and concluded t h a t  "k inks"  were n o t
im p o r ta n t  in  the  r o t a t o r  t r a n s i t i o n .  M a r o n c e l l i  e t  a l  ( 1 1 )  
showed t h a t  a l tho ugh  th e  c o n c e n t r a t io n  o f  gauche d e f e c t s  in
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n-C 2 ]H44 i s  le s s  than 4 per  m o le c u le ,  i t  i s  not n e g l i g i b l e .
S t r o b l  and h is  co -w o rk e rs  ( 1 7 , 1 8 , 1 9 )  found t h a t  th e  
h i g h e s t  te m p e ra tu re  r o t a t o r  phase o f  n-CggHgg i s  reached  
th rough  a s e r i e s  o f  a t  l e a s t  3 d i s t i n c t  phase t r a n s i t i o n s ,  
r a t h e r  than a s i n g l e  t r a n s i t i o n  as had p r e v io u s l y  been 
b e l i e v e d .  S t r o b l  e s t im a te d  t h a t  between 40 and 10% o f  th e  
m olecu les  in  n-CggHgg a re  n o n -p la n a r  in  t h e  h ig h e s t  te m p e ra tu r e  
r o t a t o r  phase. These e s t im a te s  were based on small an g le  X-  
ray s t u d ie s  and assumed th e  e x i s t e n c e  o f  k in k  d e f e c t s  
proposed by B lasenbry  and Pechhold ( 1 5 ) .  Z e rb i  ( 2 0 )  has a ls o  
p ro v id ed  ev idence  f o r  th e  presence o f  gauche bonds near  th e  
end o f  the  n-C^H^g m olecu le  in  i t s  h igh  te m p e ra tu re  s o l i d  
phase, using i n f r a r e d  s p e c tro sc o p y .
To summarise, t h i s  a l l  seems t o  i n d i c a t e  t h a t  n o n -p la n a r  
c onfo rm a t ion s  have a s i g n i f i c a n t  r o l e  t o  p l a y  in  th e  
mechanisms in v o lv e d  in  th e  phase t r a n s i t i o n s  o f  n - a lk a n e s ,  
and m olecu les  c o n t a in in g  a a l i p h a t i c  p o r t i o n .
3 . 2  R o t a t io n a l  is o m e r ic  s t a t e  model
There a re  many models used t o  d e s c r ib e  th e  
c o n fo rm a t io n a l  b e hav io ur  o f  i s o t r o p i c  c h a in  m o le c u le s .  These 
i n c l u d e  f r e e l y  j o i n t e d  c h a in s ,  r o t a t i n g  c h a in s ,  P o ro d -K r a tk y  
worm l i k e  cha ins  and th e  r o t a t i o n a l  is o m e r ic  s t a t e  model.  The 
m athem at ica l  c o m p le x i ty  o f  th e s e  models in c re a s e s  f rom  f r e e l y  
j o i n t e d  cha ins  t o  th e  r o t a t i o n a l  is o m e r ic  s t a t e  model.  Of  
th e s e ,  the  l a t t e r  p ro v id e s  th e  most r e a l i s t i c  r e p r e s e n t a t i o n  
o f  t h e  c o n fo rm a t io n a l  c h a r a c t e r i s t i c s  o f  a r e a l  c h a in  ( 2 1 ) .
The r o t a t i o n a l  is o m e r ic  s t a t e  model developed by F l o r y  
( 2 2 ) ,  assumes t h a t  th e  bonds o f  a p o ly e t h y l e n e  c h a in  a re
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r e s t r i c t e d  to  3 p o s i t i o n s ,  t r a n s  where th e  ang le  o f  r o t a t i o n 1 
<f>=0, gauche where <£=120° and gauche’ where <£=-120°. F ig u r e  3.1  
shows th e  p o t e n t i a l  energy  E ( $ )  f o r  r o t a t i n g  th e  bond between 
carbon atoms 2 and 3 i n  n -b u ta n e  between ^ = -1 8 0 °  and 180° 
( t h i s  was c a l c u l a t e d  us ing  t h e  computer package Moly ’ 8 6 : see  
s e c t i o n  4 . 3 ) .  T h is  shows t h a t  th e  minima a re  a t  0° and ±115°2, 
w i t h  th e  p o t e n t i a l  w a l l s  i n  E ( $ )  s u f f i c i e n t l y  s te e p  t o  
c o n f in e  the  m a j o r i t y  o f  t h e  bonds in  n -bu tan e  a t  o r d i n a r y  
te m p e ra tu re s  (0 -3 0 0 °C )  t o  s t a t e s  o f  t o r s i o n a l  o s c i l l a t i o n  
near  one o f  the  minima in  E ( $ ) .  So th e  assumption t h a t  t h e r e  
a re  on ly  3 p o s s ib le  r o t a t i o n a l  p o s i t io n s  f o r  a bond in  a 
polym ethy lene  c h a in  i s  re a s o n a b le .
F ig u r e  3 .1  The p o t e n t i a l  energy from r o t a t i n g  t h e  bond








The angle  o f  r o t a t i o n ,  <£, i s  th e  a n g le  r o t a t e d  by th e  
bond between th e  carbon atoms Cj and Cj+1.
The va lue  o f  ±120° f o r  th e  gauche bonds i s  ta k e n  from  
e thane ,  but  f o r  lo n g e r  m olecu les  t h e r e  i s  a s l i g h t  
v a r i a t i o n  f rom t h i s  v a l u e .  Th is  i s  not  a prob lem  as 
when c a l c u l a t i n g  th e  number o f  gauche d e f e c t s  p r e s e n t  
th e  RISM o n ly  uses th e  energy d i f f e r e n c e s  between  
gauche and t r a n s  no t  th e  a n g le .
3 . 2 . 1  S t a t i s t i c a l  w e ig h t
The r o t a t i o n a l  is o m e r ic  s t a t e  model on ly  t a k e s  i n t o  
account  th e  n e a r e s t  ne ighbour  i n t e r a c t i o n s  when c a l c u l a t i n g  
th e  p r o b a b i l i t y  o f  a gauche d e f e c t  a t  bond p o s i t i o n  i .  T h is  
i s  a re ason ab le  a p p ro x im a t io n  as ,  over  a s h o r t  range,  
m o d e l l in g  shows t h a t  o n ly  th e  n e a r e s t  ne ighbour hydrogen  
atoms i n t e r a c t  s i g n i f i c a n t l y  ( 2 2 ) .  I n t e r a c t i o n s  w i t h  hydrogen  
atoms a t  a lo n g e r  range a r e  dependent on th e  p r o b a b i l i t y  o f  
th e  i s o t r o p i c  c h a in  t r a j e c t o r y  f o l d i n g  back on i t s e l f ,  which  
i s  low f o r  any p a r t i c u l a r  p a i r  o f  hydrogen atoms ( 2 2 ) .  The 
e n e r g ie s  f o r  th e  v a r io u s  bond p a i r s  ( i - 1  and i )  in  n - a lk a n e s  
and p o ly e t h y l e n e  m olecu les  a r e  as f o l l o w s 3 ( 2 3 ) : -  
Ept = 0  f o r  p = t ,  g and g ’
%  = 500 ca l  mole " 1
Eggt = Eg>g = 3000 ca l  mole " 1
The s t a t i s t i c a l  w e ig h t  c o r res po nd ing  t o  th e s e  e n e r g ie s  
i s  g iven  b y : -
ESS ~ ES’S' ~ EtH
( 3 . 1 )
where R i s  th e  gas c o n s ta n t  ( 8 . 3 1  J K"1) .
T i s  th e  te m p e ra tu r e  in  degrees k e l v i n .
i s  t ,  g o r  g ’ and i bond p o s i t i o n .
So by s e t t i n g : -
soo
a -  e RT ( 3 . 2 )




Q -  e RT ( 3 . 3 )
We o b ta in  a s t a t i s t i c a l  w e ig h t  m a t r i x  o f : -
t 9  9 l
t 1 a 0
9 1 a CD
9 ' 1 CD o
A p a r t i t i o n  f u n c t i o n  can then be c a l c u l a t e d  from th e  
s t a t i s t i c a l  w e ig h t  m a t r i x  and i s  g iven b y : -
ji-i
z - j * i T [ U 1) j  ( 3 . 5 )
where andJ * - [ l  0  0 ] j .
n i s  t h e  number o f  s k e l e t a l  bonds in  t h e  cha in  
backbone.
The a p r i o r i  p r o b a b i l i t y  f o r  th e  bond p a i r  i - 1  and i
o c c u r r in g  in  t h e  s t a t e  i s  g iven b y : -HT1
i -1 a- 1
pm-.i - z - ' r m uk)j  (3-s)
where i s  th e  s t a t i s t i c a l  w e ig h t  m a t r i x w i th
a l l  th e  e lements  s e t  to  ze ro  e xcep t U. , and 2 < i < n - 1 .|M1 :i
The s p e c ia l  cases o f  i= 2  and i= n -1  a re  g iv e n  b y : -
n - i
Pm -.2 -  ( 3 . 7 )
JC-3
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■^Vtpa-i “ ^ n i2  ( 3 - 8 )
F ig u re  3 .2  shows t h e  p r o b a b i l i t y  o f  t r a n s - t r a n s  
confo rm at ion s  a t  bond p o s i t i o n s  i - 1  and i .  As can be seen 
from th e  f i g u r e ,  th e  p r o b a b i l i t y  o f  a t t  sequence approaches  
a c o n s ta n t  v a lu e  w i t h  in c r e a s in g  cha in  le n g th  and bond 
p o s i t i o n  i .  The t t  d e f e c t  i s  o f  lower p r o b a b i l i t y  near  t h e  
end o f  a po lym ethy lene  c h a in  than in  th e  m iddle  o f  t h e  c h a in .  
T h is  i s  not  th e  case w i t h  th e  tg  d e f e c t :  f i g u r e  3 . 3  shows th e  
p r o b a b i l i t y  o f  a t r a n s -g a u c h e  d e f e c t  a t  bond p o s i t i o n  i - 1  and 
i and, as can be seen,  th e  p r o b a b i l i t y  decreases  w i t h  
in c r e a s in g  cha in  le n g th  and p o s i t i o n  o f  d e f e c t  i ,  r e a c h in g  a 
c o n s ta n t  v a lu e  a t  bond p o s i t i o n s  g r e a t e r  than 5.
F ig u re s  3 . 2  and 3 . 3  show t h a t  f o r  s h o r t e r  c h a in s  th e  end 
e f f e c t  on d e f e c t  p r o b a b i l i t i e s  can be q u i t e  s i g n i f i c a n t .  As 
th e  molecules  become lo n g e r  th e  end e f f e c t  becomes le s s  and 
l e s s .  We can deduce from t h i s  t h a t  f o r  p o ly e t h y l e n e  t h e  
p r o b a b i l i t y  o f  a s p e c i f i c  d e f e c t  can be assumed t o  be th e  
same a t  a l l  p o s i t i o n s  a lon g  th e  c h a in .  The p r o b a b i l i t y  w i l l  
be equal to  th e  v a lu e  from f i g u r e s  3 .2  and 3 . 3  f o r  v a lu e s  o f  
i g r e a t e r  than 5 and n g r e a t e r  than 3.
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F ig u r e  3 .2  The p r o b a b i l i t y  o f  a t t  d e f e c t  in  a 
p o ly m e th y len e  cha in  o f  le n g th  n a t  bond 
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3 . 3  I n f r a r e d  and Raman s t u d i e s  o f  n -a lk a n e s
The i n f r a r e d  and Raman s p e c t r a  o f  s o l i d  s t a t e  n -a lk a n e s  
have been we l l  s t u d i e d ,  w i t h  most o f  th e  peaks hav ing  been 
assigned to  p a r t i c u l a r  v i b r a t i o n s .  Snyder ( 2 4 , 2 5 , 2 6 )  i n t he  
1 9 6 0 ’ s c l a s s i f i e d  many o f  t h e  peaks in  th e  i n f r a r e d  s p e c t r a  
o f  n -a lk a n e s  n-C3Hg t o  n-C30H62 , and a ls o  some o f  th e  
c onfo rm at ion s  p r e s e n t  in  l i q u i d  n -a lk a n e s  and molten  
p o ly e th y le n e  ( 2 7 ) .
Many o f  t h e  peaks p r e s e n t  in  th e  i n f r a r e d  and Raman 
spectrum are  c h a r a c t e r i s t i c  o f  th e  phase o f  th e  sample. In  
th e  c r y s t a l l i n e  phase, peaks tend t o  be s h a rp e r  than th e  
corresponding  l i q u i d  phase peaks. S evera l  peaks s p l i t  i n t o  
d o u b le ts  in  th e  o r th o rh o m b ic  c r y s t a l ! i n e  phase o f  n - a lk a n e s .  
Among these  a r e  th e  720 cm"1 rock ing  and 1465 cm"1 bending  
v i b r a t i o n s  ( 2 0 , 2 8 ) ,  which have a d d i t i o n a l  peaks a t  730 cm"1 
and 1475 cm"1 r e s p e c t i v e l y .  These l a t t e r  peaks approach zero  
i n t e n s i t y  on m e l t in g  o r  on changing from an o r th o rh o m b ic  
l a t t i c e .
Severa l  bands have a n e g a t iv e  te m p e ra tu re  c o - e f f i c i e n t  
( 2 9 , 3 0 ) ,  ( i . e .  as th e  te m p e ra tu r e  in c re a s e s  t h e  band
i n t e n s i t y  d e c r e a s e s ) ,  t o  be ta k e n  i n t o  account when lo o k in g  
f o r  changes in  th e  spectrum w i t h  changing t e m p e r a tu r e .  These 
bands can s t i l l  however be used to  observe t h e  changes in  
o r d e r / d i s o r d e r  as th e  te m p e ra tu r e  c o e f f i c i e n t  can change over  
phase t r a n s i t i o n  ( 2 9 ) .
3 . 3 . 1  Low f re q u e n c y  Raman spec troscopy
Raman spectroscopy  i s  a te c h n iq u e  used t o  i n v e s t i g a t e  
th e  v i b r a t i o n a l  modes o f  p o ly a to m ic  m o le c u les .  The te c h n iq u e  
i n v o lv e s  th e  s c a t t e r i n g  o f  t h e  monochromatic s o u rc e  by t h e
52
m olecules  p r e s e n t  in  th e  sample. A photon from th e  source  
i n t e r a c t s  w i th  a sample m o lecu le  by inducing a d i p o l e  moment, 
the  photon can then be s c a t t e r e d  to  a lower f re q u e n c y ,  w i th  
th e  f req uency  s h i f t  corres p o n d in g  t o  one o f  th e  v i b r a t i o n a l  
modes o f  th e  m o le c u le ,  t h i s  i s  known as a Stokes s h i f t .  The 
i n t e r a c t i o n  o f  th e  photon w i t h  the  m olecu le  is  a s t a t i s t i c a l  
e v en t  and as such the  m a j o r i t y  o f  th e  source passes through  
the  sample w i t h o u t  being a f f e c t e d .
One o f  th e  most im p o r ta n t  bands f o r  measuring o r d e r  in  
th e  Raman s p e c t r a  o f  n -a lk a n e s  (and r e l a t e d  m o le c u les )  i s  th e  
low f req u e n c y  l o n g i t u d i n a l  a c o u s t ic a l  mode (LAM) .  T h is  
v i b r a t i o n  in v o lv e s  th e  motion o f  th e  whole m o le c u le ,  in  a 
manner s i m i l a r  t o  an a c c o rd io n .  The f req u e n c y  o f  t h e  
v i b r a t i o n  is  dependent on th e  cha in  le n g th  w i t h i n  t h e  c r y s t a l  
( i . e .  th e  c r y s t a l  t r a v e r s e )  ( 3 1 ) .  By t r e a t i n g  th e  a lk a n e  
cha in  as a homogeneous e l a s t i c  rod,  S c h a u fe le  e t  a l  ( 3 1 )  
d e r iv e d  an e x p re s s io n  f o r  th e  LAM f re q u e n c y ,  expressed as a 
f u n c t i o n  o f  th e  cha in  le n g th  L : -
v -  ——— A 
2 L > ( 3 . 9 )
where i s  th e  Young’ s modulus
c
p i s  th e  d e n s i t y  o f  th e  n -a lk a n e  
i s  th e  f re q u e n c y  in  H e r t z .v
Lj t h e  cha in  le n g t h ,  i s  t h e  le n g th  o f  an a l l  t r a n s  s e c t i o n  o f  
an n - a lk a n e  o r  p o ly e t h y l e n e  m o le c u le .  I f  a gauche d e f e c t  
appears in  t h a t  s e c t i o n ,  th e n  th e  s e c t i o n  would e f f e c t i v e l y  
become two s h o r t e r  s e c t i o n s ,  thus v i b r a t i n g  a t  2 new 
f r e q u e n c ie s  and a f f e c t i n g  th e  i n t e n s i t y  o f  th e  o r i g i n a l  LAM 
v i b r a t i o n .  T h is  makes t h e  v i b r a t i o n  s e n s i t i v e  t o  any
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c o n fo rm a t io n a l  change. Khoury e t  a l  ( 3 2 )  observed s l i g h t l y  
d i f f e r e n t  f r e q u e n c ie s  f o r  th e  or thorhom bic  formsof n -C36Hj4 and 
n~c94H190 and th e  mon° c l  i n i c  forms. For n-C36H74 th e  f re q u e n c y  
o f  th e  LAM1 band f o r  t h e  or thorhom bic  form is  66 . 1  cm"1 and 
f o r  th e  m o n o c l in ic  form i s  6 8 .8  cm"1. The d i f f e r e n c e  in
d e n s i t y  and e n d - t o - e n d  carbon d is t a n c e  o f  the  two form s,  
g ive s  r i s e  t o  t h e  f r e q u e n c y  d i f f e r e n c e ,  so th e  LAM mode can 
be used to  i d e n t i f y  d i f f e r e n t  c r y s t a l  forms o f  t h e  same 
m ole c u le .
F ra s e r  e t  a l  ( 3 3 )  have used th e  te c h n iq u e  o f  o b s e rv in g  
th e  LAM v i b r a t i o n ,  t o  analyse, th e  e f f e c t  o f  a s w e l l i n g  a ge nt  
on mats o f  p o ly e t h y l e n e  c r y s t a l l i s e d  from s o l u t i o n .  A smal l  
decrease in  th e  f re q u e n c y  o f  th e  LAM v i b r a t i o n  i s  observed on 
s w e l l i n g  the  c r y s t a l ,  i n d i c a t i n g  a small in c re a s e  in  t h e  a l l -  
t r a n s  le n g th  in  L. The s w e l l i n g  e f f e c t  seems t o  i n v o l v e  a 
l a y e r  o f  a few loose  c h a in s  r a t h e r  than the  m a j o r i t y  o f  th e  
f o l d s  a t  the  l a m e l l a r  s u r f a c e .
P resen t  in  t h e  l i q u i d  and n o n - c r y s t a l l i n e  phases o f  n -  
a lk a n e s  and p o ly e t h y l e n e  i s  th e  D-LAM v i b r a t i o n ,  and i t  i s  
a t t r i b u t e d  t o  a L A M - l ik e  “ in  phase", or  " b r e a th in g "  v i b r a t i o n  
o f  t h e  c o n t r i b u t i n g  modes. T h is  accounts f o r  th e  LAM p a r t  o f  
th e  name, and th e  "D" denotes a d is o rd e r e d  phase.  The 
f req u e n c y  o f  th e  D-LAM . depends on th e  t r a n s /g a u c h e  r a t i o  
and th e  number o f  carbons atoms A/c, in  th e  c h a in  ( 3 4 ) .  The 
bandwidth o f  th e  D-LAM i s  determ ined  by th e  v a r i a n c e  in
th e  d i s t r i b u t i o n  o f  th e  t r a n s /g a u c h e  r a t i o .  T h is  means t h a t  
th e  narrower  th e  d i s t r i b u t i o n  o f  th e  t r a n s /g a u c h e  r a t i o ,  then  
th e  narrower th e  bandwidth o f  th e  D-LAM . The f re q u e n c y
o f  t h e  D-LAM . i s  g iv e n  by ( 3 4 ) : -
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(3 .1 0 )
where v 0  and B a re  c o n s ta n ts  and Nc i s  t h e  number o f  
carbon atoms in  th e  m olecu le  c h a in .
Snyder e t  a l  ( 3 5 ) ,  have used th e  D-LAM - _ ' t o  observe  
th e  n o n - c r y s t a l l i n e  component o f  th e  bu lk  c r y s t a l l i s e d  
p o ly e t h y l e n e ,  and found t h a t  th e  n o n - c r y s t a l l i n e  component 
was c o n f o r m a t i o n a l l y  l i q u i d  l i k e ,  even when the  c r y s t a l ! i n i t y  
o f  th e  sample was g r e a t e r  than  90%. The f req uency  o f  th e  D-  
LAM . de te rm ined  by Snyder (3 5 )  o f  s e m i - c r y s t a l l i n e  and 
l i q u i d  samples o f  p o ly e t h y l e n e  was 206 and 2 0 2  cm’ 1 w i th  
bandwidths o f  56 and 60 cm" 1 r e s p e c t i v e l y .  E quat ion  3 .1 0  
would seem t o  i n d i c a t e  t h a t  f o r  s h o r t e r  cha in  n -a lk a n e s  th e  
D-LAM ... would have a h ig h e r  f req u e n c y  than p o l y e t h y l e n e .
3 . 3 . 2  C onform a t iona l  1y s e n s i t i v e  i n f r a r e d  bands
There a re  many bands in  th e  i n f r a r e d  (and Raman) 
spectrum which a re  s e n s i t i v e  t o  n o n -p la n a r  c o n fo rm a t io n s  
( 1 1 , 2 0 , 2 7 , 3 6 ) ,  but  th e  f r e q u e n c ie s  o f  some o f  th e s e  peaks a r e  
dependent on th e  le n g th  o f  th e  hydrocarbon c h a in .  These 
in c lu d e  peaks in  th e  CH2 ro c k in g  re g io n  o f  t h e  spectrum  
(1 0 0 0 -7 0 0  cm"1) ( 1 1 ) .  Snyder ( 2 7 )  observed s e v e r a l  bands in  
th e  CH2 wagging re g io n  o f  th e  s p e c t r a  o f  n -a lk a n e s  (1 4 0 0 -1 2 0 0  
cm’ 1) ,  which he assigned t o  v a r i o u s  c o n fo rm a t io n a l  d e f e c t s ,  
and conf i rm ed th e s e  using normal c o - o r d i n a t e  a n a l y s i s .  These 
bands a re  as f o l l o w s : -
g t g / g t g ’ 1368 and 1308 cm"
gg/g’g’ 1352 cm’ 1
tg 1344 cm’ 1 end gauche
55
g t t g  1338 cm’ 1
These were l a t e r  r e v i s e d  ( 7 )  g iv in g  new f r e q u e n c ie s  o f  : -  
t ffl( g t g V g t g ) t B<[ K ink 1366 cm" 1 m,m*>0
t ^ C g g ) ^  1353 cm' 1 m,m*>0
( g tm) end gauche 1341 cm" 1 m>1
t ffl( g t g ’ ) t ffl* K ink 1306 cm" 1 m,m*>0
m r e p re s e n ts  th e  minimum number o f  t r a n s  bonds r e q u i r e d  
so t h a t ,  i f  t h e  (m+1 bond i s  gauche th e  f re q u e n c y  o f  th e  
v i b r a t i o n a l  mode w i l l  be w i t h i n  5 cm" 1 o f  th e  l i m i t i n g  
f req uency  f o r  l a r g e  m.
M a r o n c e l l i  e t  a l  ( 1 1 )  found t h a t  f o r  th e  homologous 
s e r i e s  o f  n -a lk a n e s  th e  v i b r a t i o n  v e ry  q u i c k l y  approached an 
as ym p to t ic  f re q u e n c y ,  w i t h  in c r e a s in g  c ha in  l e n g t h .  A lso  th e  
CH2 wagging d e f e c t  f r e q u e n c y  was found t o  v a ry  s l i g h t l y ,  
depending on th e  p o s i t i o n  o f  th e  d e f e c t  in  th e  c h a in .  T h is  
on ly  a f f e c t s  d e f e c t s  near  t h e  end o f  th e  m o le c u le .
By using th e  r o t a t i o n a l  is o m e r ic  s t a t e  model ( 2 2 ) ,  
M a r o n c e l l i  ( 1 1 )  was a b le  t o  c a l c u l a t e  th e  t h e o r e t i c a l  
c o n c e n t r a t io n  o f  gtg and gg d e f e c t s  in  th e  i s o t r o p i c  l i q u i d  
phase o f  n-C 2 7 H56 a t  70°c. By measuring t h e  i n t e n s i t y  o f  t h e  
gtg and gg n o n -p la n a r  c o n fo rm a t io n a l  bands o f  n-C 2 jH56 a t  70°c,  
M a r o n c e l l i  was a b le  t o  f i n d  a c a l i b r a t i o n  c o n s ta n t  r e l a t i n g  
to  th e  number o f  d e f e c t s  in  any n -a lk a n e  a t  any t e m p e r a t u r e .  
I t  was assumed t h a t  t h e  peak i n t e n s i t i e s  were d i r e c t l y  
p r o p o r t i o n a l  t o  th e  number o f  n o n -p la n a r  c o n fo rm a t io n s  such 
t h a t : -
n gtg -  I s t ^ n C27gtg70 (3 _ 11 }
C 27gtg70
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where n i s  th e  unknown number o f  gtg d e fe c ts
Igtg i s  th e  i n t e n s i t y  o f  th e  gtg band f o r  th e  
"unknown" sample
nC27gtg7Q 1S th e  number o f  d e fe c ts  c a l c u l a t e d  f o r  n -  
C2TH55 a t  70°c
I C27gtg70 the  i n t e n s i t y  o f  th e  gtg d e f e c t  band o f
n“ C27*"*56 a t  7 0 °c .
Th is  gave r e s u l t s  f o r  n-C 2yH5g in  th e  r o t a t o r  phase ( s o l i d
I I )  o f : -
ngtg = 0 . 3 8 - 0 . 6 4  p er  m olecule  
rjgg < 0 . 0 0 2  per  m o le c u le .
In  the  l i q u i d  phase a t  70°C = 2 .5 5  and rigg = 2 . 3 4 ,
le a d in g  to  th e  c o n c lu s io n  t h a t  th e  r o t a t o r  phase c o n ta in s  
about 2 0 % o f  th e  gtg d e f e c t s  p re s e n t  in  th e  l i q u i d  s t a t e ,  
which is  not an i n s i g n i f i c a n t  amount as suggested by Barnes  
e t  a l  ( 1 6 ) .  The v a lu e  o f  tigg in  the  r o t a t o r  phase i s  v e ry  
s m a l l ,  because th e  gg d e f e c t  i s  much more d i f f i c u l t  t o  
accommodate in  an ordered  s o l i d  than a g t g ’ k in k .
Snyder e t  a l  ( 3 7 , 3 8 )  i n v e s t i g a t e d  th e  d i s t r i b u t i o n  o f  
gauche c on fo rm at ion s  in  th e  r o t a t o r  phase o f  th e  n - a l k a n e  n -  
C2 tH44, w i th  two o f  the  hydrogen atoms o f  n-C 2 |H44 s u b s t i t u t e d  
w i t h  de u te r iu m ,  using i n f r a r e d  spe c tro sc op y .  The d e f e c t s  
found were a lm ost  e n t i r e l y  g t g ’ k in k s ,  as th e s e  a r e  t h e  
e a s i e s t  to  accommodate in  a s o l i d .  F ig u r e  3 . 4  ( t a k e n  from  
r e fe r e n c e  37 )  shows th e  c o n c e n t r a t io n  o f  gauche bonds a t  
v a r io u s  s i t e s  a lon g  th e  c h a in .  The h ig h e s t  c o n c e n t r a t i o n  i s  
near  the  end o f  th e  c h a in ,  and th e  c o n c e n t r a t io n  dec rea s e s  
















F ig u r e  3 . 4  V a r i a t i o n  o f  gauche c o n c e n t r a t io n  a long th e  
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T h is  r e s u l t  i s  a t  odds w i t h  th e  assumption o f  a un i fo rm  
d i s t r i b u t i o n  used in  th e  i n t e r p r e t a t i o n  o f  t h e  X - r a y  
d i f f r a c t i o n  measurements o f  t h e  r o t a t o r  phase by S t r o b l  ( 1 7 ) .  
However a p p r o x im a te ly  1% o f  th e  m olecules  have bonds near  th e  
c e n t r e  o f  th e  c h a in  w i th  a gauche d e f e c t ,  c o n t r a r y  t o  th e  
r e s u l t s  o f  Z e rb i  ( 2 0 )  who observed gauche d e f e c t s  o n ly  near  
th e  end o f  th e  c h a in .
Kim e t  a l  ( 3 9 )  ob served ,  using i n f r a r e d  s p e c t ro s c o p y ,  
th e  in c re a s e  in  th e  c o n c e n t r a t io n  o f  gauche bonds w i t h  
te m p e ra tu re  f o r  n -a lk a n e s  n-CnH2f]+2, where n=17 ,25 , 26 ,3 6  ,50  and 
60. Each n - a lk a n e  showed an in c r e a s e  in  t h e  gauche  
c o n c e n t r a t io n  as th e  m e l t in g  p o i n t  approached. For C^, C2 5 , 
C26 and C36 t h i s  in c r e a s e  begins a b r u p t l y  and occurs  in  
a s s o c i a t io n  w i t h  a s o l i d - s o l i d  phase t r a n s i t i o n .  For  th e  CgQ
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and Cg0 n -a lk a n e s  th e  on se t  o f  d i s o r d e r  is  not a s s o c ia te d  w i th
a s o l i d - s o l i d  phase t r a n s i t i o n ,  and occurs g r a d u a l l y .  D e s p i te
t h i s  d i f f e r e n c e ,  Kim e t  a l  found many s i m i l a r i t i e s ,  i n c l u d i n g
th e  te m p e ra tu re  range from th e  onset  o f  d is o r d e r  t o  m e l t in g ,
t o t a l  c o n c e n t r a t io n s  o f  d e f e c t s  and t h e i r  d i s t r i b u t i o n .  They
a ls o  found t h a t  f o r  m e l t  c r y s t a l l i s e d  n -a lk a n e s  t h e r e  was an
in h e r e n t  d i s o r d e r ,  th e  e x t e n t  being independent  o f
te m p e ra tu re  up t o  th e  p r e - m e l t i n g  p o i n t ,  and on t h e  b a s is  o f
th e  number o f  gauche bonds per  number o f  bonds a v a i l a b l e  in
th e  c h a in ,  th e  v a lu e  was th e  same f o r  a l l  n - a lk a n e s  s t u d i e d .
Hagemann e t  a l  ( 4 0 )  used th e  te c h n iq u e  o f  i n f r a r e d  CH2
wagging d e f e c t  modes to  observe  the  e f f e c t  o f  te m p e r a tu r e  on
g las s y  f i l m s  o f  n-C 2 1 H^ and low m o le c u la r  w e ig h t  p o l y e t h y l e n e
d e p o s i te d  on Csl windows h e ld  a t  7 K. The samples were warmed
upto  300 K and t h e  spectrum was observed .  Hagemann found t h a t
f o r  both n-C 2 1 H^ and p o l y e t h y l e n e ,  th e  cha ins  went th rough  a
s e r i e s  o f  o r d e r in g  t r a n s i t i o n s ,  as f o l l o w s : -
Chain M o n o c l in ic  Orthorhombic  O rthorhom bic  
Glass ->  F u l l y  ->  S u b ce l l  ->  Su b ce l l  ->  C r y s t a l  
Extended L a t t i c e
S p e l l s  e t  a l  ( 8 ) i n v e s t i g a t e d  p o ly e t h y l e n e  s i n g l e  
c r y s t a l s  grown from v a r io u s  s o lv e n t s  in  an a t te m p t  t o  observe  
bands in  th e  d e f e c t  re g io n  (1 4 0 0 -1 2 0 0  cm"1) o f  t h e  i n f r a r e d  
spectrum which cou ld  be ass igned  t o  r e g u l a r  f o l d i n g  a t  th e  
s u r f a c e  o f  t h e  c r y s t a l .  A peak was observed a t  1346 cm" 1 and 
th e  behav iour  o f  t h i s  band on a n n e a l in g  and quenching from  
th e  m e l t  was c o n s i s t e n t  w i t h  a r e g u l a r  c ha in  f o l d .  T h is  cou ld  
not  be assigned t o  a s p e c i f i c  ty p e  o f  f o l d  ( { 1 1 0 } o r  { 2 0 0 } ) .
Ungar e t  a l  ( 4 1 )  observed th e  i n f r a r e d  s p e c t r a  o f  once 
f o l d e d  n-CjggHjgg ( F )  and f u l l y  extended n-C|g8 H3gg ( E ) .  The l a y e r
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p e r i o d i c i t i e s  ( t a k e n  from small ang le  X - r a y  p a t t e r n s )  f o r  E 
and F were 253A and 125A r e s p e c t i v e l y ,  and s i m i l a r  v a lu e s  
were o b ta in e d  by Ungar us ing Raman LAM f r e q u e n c ie s .  T h is  
shows t h a t  in  th e  F form ,  a l l  but  a few methylene groups a re  
c o n ta in e d  in  e q u a l l y  long extended c ha in  p o r t i o n s  on each  
s id e  o f  th e  f o l d ,  th e  f o l d  being a d ja c e n t  and reas on ab ly  
t i g h t  (and in  a { 1 1 0 } p l a n e ) .
By s u b t r a c t i n g  th e  E spectrum from the  F spectrum, Ungar 
was a b le  to  observe  any bands t h a t  m ight  be ass igned  t o  a 
{110}  f o l d .  Bands a t  1369 1352, 1346, 1342, 1306 and 1295 cm' 1 
were found. The bands a t  1369 and 1306 cm" 1 had p r e v i o u s l y  
been assigned t o  gtg and g t g ’ d e f e c t  bands ( 7 ) ,  t h e  1352 cm" 1 
band to  gg d e f e c t s  ( 7 ) ,  and th e  1342 cm" 1 band t o  t h e  end -  
gauche d e f e c t  ( g t )  ( 7 ) .  The 1295 cm" 1 band was th o u g h t  t o  be 
a s l i g h t l y  o f f - c e n t r e  CH2 wagging mode (B2g) which i s  s t r o n g l y  
Raman a c t i v e .  The 1346 cm" 1 was assigned t o  an a d j a c e n t  t i g h t  
{ 1 1 0 } f o l d .
Wolf  e t  a l  ( 4 2 )  co n f i rm e d  th e s e  assignments  us ing  
G reen ’ s f u n c t i o n s  t o  c a l c u l a t e  th e  d e f e c t  d e n s i t y  o f  s t a t e s  
f o r  a t i g h t  {1 10 }  f o l d  in  th e  f req u e n c y  range 5 0 0 -1 4 0 0  cm"1. 
Resonance modes f o r  th e  {110}  f o l d  were c a l c u l a t e d  t o  be a t  
1348,1343  and 1288 cm"1, and were assigned by W o l f  t o  t h e  
i n f r a r e d  bands a t  1346,  1342 and 1295 cm"1. W olf  showed t h a t  
th e  { 1 1 0 } f o l d  i s  a p p r o x im a te ly  a g ’ g ’ ggtg d e f e c t ,  so t h a t  
th e  c o n t r i b u t i o n  t o  th e  1369 cm" 1 k in k  and the  1352 cm" 1 double  
gauche bands found by Ungar ( 4 1 )  becomes a p p a r e n t .
The t e c h n iq u e  o f  i n v e s t i g a t i n g  th e  number o f  d e f e c t s  
p re s e n t  in  an a lk a n e  cha in  has been a p p l i e d  t o  o t h e r  systems  
c o n ta in in g  a p o ly m e th y len e  p o r t i o n .  Z e rb i  e t  a l  ( 2 8 , 4 3 )  used
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s e v e r a l  bands in  t h e  i n f r a r e d  and Raman s p e c t r a  o f  f a t t y  
a c id s  ( 2 8 ) ,  t o  a n a ly s e  t h e  m e l t  and p r e - m e l t  phase b e h a v io u r .  
In  t h e  case o f  both t h e  f a t t y  a c id s  and [CfyCCfy ^ N H j^ M n C l j ,  
th e  CH2 rock ing  and bending v i b r a t i o n s  a t  720 -730  cm- 1 and 
1475-1485  cm' 1 r e s p e c t i v e l y  remain as d o u b le ts  th ro u g h o u t  th e  
p r e - m e l t  phase, r e v e r t i n g  t o  s i n g l e t s  o n ly  when t h e  m olecu les  
a c t u a l l y  m e l t .  Of th e  d e f e c t  modes, o n ly  the  k in k  d e f e c t  
(1369  and 1306 cm’ 1) bands appear on th e  t r a n s i t i o n  from  
c r y s t a l l i n e  to  p r e - m e l t  phase. T h is  i s  c o n s i s t e n t  w i t h  th e  
model proposed by Z e rb i  ( 2 8 )  t h a t  on ly  th e  gtg* ( k i n k )  d e f e c t  
occurs  in  th e  p r e - m e l t  phase. The g t g ’ d e fe c ts  a r e  e a s i e r  t o  
accommodate in  t h e  c r y s t a l  l a t t i c e  than gg or  gtg  d e f e c t s ,  
because th e  d i r e c t i o n  in  which th e  cha in  t r a v e l s  remains th e  
same, but f o r  gg and gtg  d e f e c t s  th e  d i r e c t i o n  changes  
d r a m a t i c a l l y .
As the  m olecu les  m e l t  th e  i n t e n s i t i e s  o f  t h e  g t g / g t g ’ 
bands a t  1369 and 1306 cm' 1 go through a s t e p ,  and t h e  number 
o f  gtg  d e fe c t s  becomes t h e  same as t h a t  f o r  an i s o t r o p i c  n -  
a lk a n e  o f  e q u i v a l e n t  c h a in  le n g th  and a t  t h e  same 
t e m p e ra tu r e .  A lso  th e  band a t  1352 cm' 1 (gg )  appears  a f t e r  
m e l t in g  and g iv e s  th e  same i n t e n s i t y  as an i s o t r o p i c  n - a lk a n e  
o f  e q u i v a l e n t  l e n g th  and a t  t h e  same te m p e r a t u r e .
T h is  method has a l s o  been used in  th e  c o n fo r m a t io n a l  
a n a l y s i s  o f  s u r f a c t a n t  m o le c u les  in  w a te r  s o l u t i o n s .  H o l l e r  
( 4 4 ) i n v e s t i g a t e d  sodium dodecyl s u lp h a te  (SDS) u s in g  t h e  
te c h n iq u e  o f  d e f e c t  mode a n a l y s i s .  SDS forms m i c e l l e s  a t  a 
minimum c o n c e n t r a t io n  o f  0.2% w/w w i t h  w a t e r .  The p r o p o r t i o n  
o f  s u r f a c t a n t  used was 1 0 % w/w, and i t  was e s t im a t e d  t o  
c o n t a in  about 98% o f  t h e  SDS m olecules  in  m i c e l l e s .  The
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r e s u l t s  showed t h a t  th e  c o n c e n t r a t io n s  o f  gtg and gg d e fe c ts  
were th e  same as f o r  an a lk a n e  o f  e q u i v a l e n t  l e n g th .  Hence in  
m i c e l l e s  th e  a l i p h a t i c  p o r t i o n s  o f  SDS behave l i k e  a l i q u i d .
Senak e t  a l  ( 4 5 )  used th e  1369 cm" 1 and 1352 cm" 1 d e f e c t  
modes t o  q u a n t i f y  th e  d i s o r d e r  p r e s e n t  in  two p h o s p h o l ip id s ,  
1 ,2 - d i p a l m i t o y l p h o s p h a t i d y l e t h a n o l a m i n e  (DPPE) and 1 , 2 -  
d i p a l m i t o y l p h o s p h a t i d y l c h o l i n e  (DPPC). On c a l i b r a t i n g  th e  
i n t e n s i t y  o f  th e s e  bands us ing  n -a lk a n e s  and th e  r o t a t i o n a l  
i s o m e r ic  s t a t e  model (u s in g  a peak f i t t i n g  program t o  
d ete rm in e  i n t e n s i t i e s ) ,  Senak found t h a t  th e  i n t e n s i t y  o f  th e  
1352 cm" 1 gg d e f e c t  in c re a s e d  w i t h  te m p e ra tu r e  as e x p e c te d ,  
but th e  1369 cm" 1 d e f e c t  mode i n t e n s i t y  decreased w i th  
i n c r e a s in g  te m p e ra tu r e .  T h is  l a t t e r  r e s u l t  i s  c o n t r a r y  t o  th e  
r e s u l t  p r e d ic t e d  by the  RISM, and may be as a r e s u l t  o f  th e  
peak f i t t i n g  a l g o r i t h m .  A lso  th e  v a lu e  o f  ngtg de te rm in e d  by 
Senak from th e  RISM f o r  n-^yHijg a t  70°C d i f f e r s  from t h a t  
determ ined  by M a r o n c e l l i  e t  a l  ( 1 1 )  hav ing  v a lu e s  o f  2 .2 9  and 
2 .5 5  gtg d e f e c t s  per  m olecu le  r e s p e c t i v e l y .  The v a lu e s  o f  ngg 
determ ined  by Senak and M a r o n c e l l i  a r e  2 .3 5  and 2 .3 4  
r e s p e c t i v e l y .  The expected r e s u l t  f o r  ngtg should  be h ig h e r  
than ngg, as th e  p r o b a b i l i t y  o f  a gtg d e f e c t  i s  g r e a t e r .
The number o f  d e f e c t s  de te rm ined  by Senak f o r  DPPC was 
found t o  be n ^ = 1 . 0  and ngg- 0 . 4  in  a CHC13 s o l u t i o n  j u s t  above 
th e  g e l / l i q u i d  c r y s t a l  phase t r a n s i t i o n ,  w h i l e  DPPE in  a 
CHC13 s o l u t i o n  in  th e  Lfl phase i s  more o rd e re d  w i t h  ngtg= 1 .0  
and ngg= 0 . 2 , but  both a re  lower  than v a lu e s  d e te rm in e d  f o r  an 
i s o t r o p i c  n -a lk a n e  o f  e q u i v a l e n t  cha in  le n g t h ,  showing t h a t  
th e  a l i p h a t i c  c ha ins  in  DPPC and DPPE a r e  much more o r d e r e d .
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4 M o le c u la r  m o d e l l in g
In  a d d i t i o n  t o  v a r i o u s  e x p e r im e n ta l  te c h n iq u e s  used t o  
d e te rm in e  th e  s t r u c t u r e  o f  l i t h i u m  phenyl s t e a r a t e  (L iP S )  
(see  c h a p te rs  5 , 6 , 7 ) ,  v a r i o u s  m o d e l l in g  te c h n iq u e s  have been 
employed to  a s s i s t  in  the  i n t e r p r e t a t i o n  o f  the  s p e c t ro s c o p ic  
d a t a .  The s t r u c t u r a l  i n f o r m a t io n  r e q u i r e d  was th e  maximum 
cha in  e x te n s io n  o f  th e  a l i p h a t i c  p o r t i o n  o f  th e  hexagonal  
c y l i n d e r s  in  Li PS, th e  i o n i c  core  r a d iu s  o f  th e  hexagonal  
c y l i n d e r s ,  and th e  e f f e c t  o f  th e  phenyl group on th e  cha in  
c onfo rm a t ion  o f  th e  a l i p h a t i c  p o r t i o n  o f  th e  soap.
4 .1  Maximum Chain E x tens ion
The cha in  e x te n s io n  o f  any c ha in  m olecu le  depends upon 
th e  bond c o n fo rm a t io n s  p r e s e n t  in  th e  c h a in ,  so by 
d e te r m in in g  th e  number o f  d e f e c t s  p r e s e n t  in  a c h a in ,  i t  
should be p o s s ib le  to  d e te rm in e  th e  cha in  e x t e n s i o n .  The 
maximum cha in  e x te n s io n  o f  th e  a l i p h a t i c  p o r t i o n  o f  Li PS can 
be determ ined from the  i n t e n s i t y  o f  th e  i n f r a r e d  bands a t  
1369 cm" 1 and 1352 cm"1, r e p r e s e n t in g  g t g V g t g  and g g / g ’ g ’ 
d e f e c t s  r e s p e c t i v e l y .  The i n t e n s i t y  o f  th e s e  bands is  
d i r e c t l y  p r o p o r t i o n a l  t o  th e  numbers o f  d e fe c ts  e . g .
n gtg " W w  <4 -1 >
where i s  a c a l i b r a t i o n  c o n s ta n t  and is  unknown.
rigtg i s  th e  number o f  g t g ’ and gtg d e f e c t s  
Igtg i s  th e  i n t e n s i t y  o f  th e  gtg  and g t g ’ d e f e c t s  
The c o n s ta n t  Kg  ^ can be de te rm ined  from th e  d e f e c t  modes 
f o r  n -a lk a n e s  in  the  i s o t r o p i c  s t a t e  and t h e  number o f  
d e f e c t s  ( n ^  and ngg) c a l c u l a t e d  from th e  r o t a t i o n a l  is o m e r ic  
s t a t e  model f o r  th e  same n - a lk a n e  a t  t h e  same te m p e r a tu r e  
( 1 ) .
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T h is  g i v e s : -
V  - < 4 - 2 >
f f t f f l n t r a r «d
4 . 1 . 1  R o t a t io n a l  i s o m e r ic  s t a t e  model
W i th in  th e  r o t a t i o n a l  isom er ic  s t a t e  model (RISM)  
developed by P . J .  F l o r y  ( 2 ) ,  th e  number o f  gauche d e f e c t s  {rig 
+ rig ’ r e f e r r e d  to  s im p ly  as rig) p re s e n t  in  v a r io u s  n -a lk a n e s  
was e s t im a te d  o v e r  a range o f  t e m p e r a t u r e s . A f u l l e r  
mathemat ica l  d e s c r i p t i o n  o f  th e  model i s  g iven  in  s e c t io n  
3 . 2 .
The r e q u i r e d  in p u ts  f o r  th e  model a re  th e  c h a in  le n g th  
(number o f  carbon atoms in  cha in  backbone, N c ) , t e m p e ra tu r e  
and th e  energy r e q u i r e d  f o r  v a r io u s  c o n fo rm a t io n s  a t  bond 
p a i r  i - 1  and i .  The e n e r g ie s  a re  as f o l l o w s ( 3 ) : -
= 0  f o r  th e  ( i - 1 ) ^  bond ij = t ,  g and g ’
= 500 ca l  mole " 1 f o r  t h e  i tl! bond /i = g and g ’ 1
E99 ~ E9'9' ~ EtV
E g g > = E g l g  = 3000 ca l  mo 1 q ' 1
I t  i s  assumed t h a t  th e  energy o f  t h e  v a r i o u s  
conform at ions  i s  in dependent  o f  th e  bond p o s i t i o n  a long  th e  
c h a in .  In  th e  s i m u l a t i o n ,  each n -a lk a n e  m o le c u le  was 
s im u la te d  1 0 , 0 0 0  t im e s ,  so i f  th e  average number o f  d e f e c t s  
p re s e n t  in  a m o le c u le  is  1 then  th e  p r e c i s i o n  o f  t h e  e s t im a t e  
would be ± 0 . 0 1 .  A lso  th e  two end bonds (1 and N c )  were n o t  
c o n s id e re d ,  as r o t a t i o n  o f  th e s e  bonds would have no e f f e c t  
on th e  c o n fo rm a t io n .
mole v a lu e  used here  i s  Avogadro’ s number ( 6 . 0 2 x 1 0 23) .
1 cal  = 4 . 1 4  j o u l e s
68
The number o f  d e f e c t s  c a l c u l a t e d  and p resen ted  a re  as 
f o l l o w s : -
ngtg = ngtg* + ngtg’ + ng’tg + ng’tg’ ( 4 . 3 )
= nggS + ng’g’ ( 4 . 4 )
ng2 = ng 3 + ng, ( 4 . 5 )
4 . 1 . 2  C onstant  te m p e ra tu r e  c a l c u l a t i o n s
The number o f  g, g tg  and gg (n g, ngtg and ngg) bond
c onfo rm a t ion s  was d e te rm ined  f o r  n -a lk a n e s  6  to  30 (n-CgH^ t o  
n_c30H62^  a t  c o n s ta n t  te m p e r a tu r e  (20°C) .  n -A lkanes  hav ing  more 
than  16 carbon atoms a re  s o l i d  a t  room te m p e ra tu re  ( 4 ) ,  and 
so th e  model i s  no t  v a l i d  f o r  th e s e  m o lecu les ,  bu t  th e  
r e s u l t s  have been in c lu d e d  t o  show th e  genera l  t r e n d ,  f i g u r e
4 .1  shows th e  v a r i a t i o n  in  t h e  numbers o f  g, gtg and gg non-  
p l a n a r  c on fo rm at ion s  w i t h  t h e  number o f  carbon atoms in  th e  
n - a l k a n e .  Numbers o f  g , g t g  and gg d e fe c ts  a l l  in c r e a s e  
l i n e a r l y  w i th  cha in  l e n g t h .  The form o f  t h i s  v a r i a t i o n  was 
found from d a ta  in  f i g u r e  4 .1  t o  be de s c r ib e d  b y : -
ng -  0 . 359i\Tc- 0 . 882 ( 4 . 6 )
-  0 . 093Nc-0  .362  ( 4 . 7 )
ngtg -  0 . 109iVc- 0  . 497 ( 4 . 8 )
where Nc i s  th e  number o f  carbon atoms p re s e n t  in  t h e  n -
a l k a n e .
These v a lu e s  r e p r e s e n t  t h e  sum o f  a l l  s i m i l a r  d e f e c t s  
i . e .  ng -  ng+nn’ i and i s th e  v a lu e  r e f e r r e d  t o  
h e n c e fo r th  in  t h i s  t h e s i s .
These v a lu e s  r e p r e s e n t  t h e  numbers o f  these  p a r t i c u l a r  
d e f e c t s  (g i s  sometimes r e f e r r e d  t o  in  t h e  o t h e r  
l i t e r a t u r e  as g+) such t h a t  ngf;g i s  ng+^ g+.
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F ig u r e  4 .1  V a r i a t i o n  in  th e  numbers o f  g, gg and gtg
d e f e c t s  w i t h  number o f  carbon atoms in  th e  
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P lo t s  o f  versus  Nc i n t e r c e p t  th e  Nc a x i s  a t  A/c=
2 . 4 5 , 3 . 9 1  and 4 . 5 8  carbon atoms f o r  ng, ngg and ng^  
r e s p e c t i v e l y .  As th e  number o f  carbon atoms i s  p h y s i c a l l y  
r e s t r i c t e d  t o  an i n t e g e r ,  then  th e  s m a l le s t  n - a lk a n e  r e q u i r e d  
t o  o b ta i n  each d e f e c t  i s  n -b u ta n e  f o r  a g d e f e c t ,  n -p e n ta n e  
f o r  a gg d e f e c t  and n-hexane f o r  gtg d e f e c t .  I f  th e  
r o t a t i o n a l  is o m e r ic  s t a t e  model i s  a reason ab le  a p p r o x im a t io n  
t o  a c tu a l  c o n fo rm a t io n s  p r e s e n t  in  n - a lk a n e s ,  one would 
e x p e c t  th e  i n t e n s i t y  o f  th e  i n f r a r e d  gtg  and gg d e f e c t  bands 
t o  in c r e a s e  l i n e a r l y  w i t h  in c r e a s in g  cha in  l e n g t h .  T h is  
p ro v id e s  a t e s t  f o r  th e  v a l i d i t y  o f  th e  RISM (s e e  s e c t i o n  
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4 . 1 . 3  C onstant  c h a in  l e n g th  c a l c u l a t i o n s
The numbers o f  g , gg and gtg co n fo rm a t io n s  were 
c a l c u l a t e d  w i t h i n  th e  te m p e ra tu r e  range - 2 7 0  to  500°C f o r  n -  
heptadecane.  n -Heptadecane was chosen because i t  has th e  same 
number o f  -CH2-  groups as Li PS, and so could  p ro v id e  a d i r e c t  
comparison. F ig u r e  4 . 2  and f i g u r e  4 . 3  show the  v a r i a t i o n  o f  
the  numbers o f  g, gg and gtg  d e fe c ts  w i t h  te m p e r a tu r e .  The 
f i g u r e s  show t h a t  f o r  a l l  th e  d e f e c t s ,  th e  c o n c e n t r a t io n  
in c re a s e s  n o n - l i n e a r l y  w i t h  te m p e ra tu r e .  The number o f  gg 
d e f e c t s  becomes g r e a t e r  than  th e  number o f  gtg d e f e c t s  in  th e  
re g io n  140 to  210°C. T h is  i s  expected as th e  number o f  
a v a i l a b l e  t r a n s  s i t e s  becomes le s s  and le s s  as th e  
te m p e ra tu re  in c r e a s e s .  E v e n t u a l l y ,  th e  number o f  gtg  
confo rm a t ion s  i s  expected  t o  pass through a maximum and 
u l t i m a t e l y  to  decrease  as t h e  number o f  t r a n s  u n i t s  becomes 
i n c r e a s i n g l y  s c a r c e .  T h is  b e h a v io u r  i s  no t  p r e d ic t e d  f o r  t h e  
te m p e ra tu re  range -2 7 0  t o  500°C ( f i g u r e  4 . 3 ) ,  a l th o u g h  t h e  
g r a d i e n t  p r o g r e s s i v e l y  d e c re a s e s .  The te m p e ra tu r e  a t  which  
th e  number o f  g tg i s  a maximum is  v e ry  h igh and has n o t  been 
ach ieved  e x p e r i m e n t a l l y .
One s i g n i f i c a n t  f e a t u r e  in  f i g u r e  4 . 3  is  t h a t  a l th o u g h  
the  p r e d ic t e d  number o f  g tg  and gg d e f e c t s  in c r e a s e s  w i t h  
t e m p e ra tu r e ,  th e  change f o r  an i s o t r o p i c  n - a lk a n e  i s  q u i t e  
s m a l l ,  eg. th e  number o f  gg d e fe c t s  o n ly  doubles o v e r  t h e  
te m p e ra tu re  range 0 t o  500°C. T h is  f a c t  i s  im p o r ta n t  because  
th e  e r r o r  in  measuring th e  i n t e n s i t y  o f  i n f r a r e d  bands can be 
as much as 20%. Tak ing  t h e  te m p e ra tu re  range f rom 300 t o  
500°C, the  number o f  gg d e f e c t s  o n ly  in c r e a s e s  by 15%, so 











d e t e c t .  Over t h e  range (0  to  200°C) in  which th e  
s p e c t ro s c o p ic  s t u d i e s  were c a r r i e d  o u t ,  the  number o f  gg 
d e f e c t s  is  e x p e c te d  to  in c r e a s e  by 50% i f  th e  a l i p h a t i c  
p o r t i o n  o f  th e  m o lecu le  i s  behaving l i k e  an i s o t r o p i c  c h a in ,  
so t h a t  the  changes in  t h e  i n f r a r e d  absorbances should  be 
measurable .
F ig u r e  4 . 2  V a r i a t i o n  in  th e  number o f  g d e f e c t s  w i t h  
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F ig u re  4 . 4  shows th e  v a r i a t i o n  o f  th e  numbers o f  gtg and 
gg d e fe c ts  w i t h  th e  number o f  g d e f e c t s .  Th is  i s  r e q u i r e d  
because c a l c u l a t i n g  maximum c h a in  e x te n s io n  r e q u i r e s  th e  
number o f  g d e f e c t s  (n^),  bu t  i n f r a r e d  s pec tro scop y  can o n ly  
i n d i c a t e  the  p r o p o r t i o n s  o f  gg and g t g / g t g ’ d e f e c t s  and no t  
d i r e c t l y  th e  number o f  g bonds p r e s e n t .  The v a r i a t i o n  o f  th e  
number o f  gtg and gg d e f e c t s  w i t h  number o f  g d e f e c t s  i s  non­
l i n e a r ,  both in c r e a s in g  s l o w l y  a t  f i r s t  w i t h  in c r e a s i n g  
number o f  g d e f e c t s  (0<ng< 2 . 3 ) .  T h is  i s  expected  f o r  low ng1 
as t h e  p r o b a b i l i t y  o f  2  g d e f e c t s  coming t o g e t h e r  t o  form  
e i t h e r  gtg o r  gg d e f e c t s  i s  low.  As th e  number o f  gauche 
in c r e a s e s ,  both th e  numbers o f  gtg and gg d e f e c t s  in c r e a s e  
s t e a d i l y ,  but  a t  ng%5 .6  t h e  g r a d i e n t  o f  th e  gtg c u rv e  begins
























to  dec rea s e ,  and th e  number o f  gtg d e fe c t s  becomes equal to  
the  number o f  gg d e fe c ts  f o r  ng* 6 . 9 .  T h is  is  e xpected :  as th e  
number o f  g u n i t s  in c r e a s e ,  t h e  number o f  a v a i l a b l e  t  s i t e s  
d e c reases .  I t  i s  expected t h a t  th e  number o f  gtg d e f e c t s  w i l l  
decrease as th e  p o p u la t io n  o f  g and t  i n v e r t s  (n g>nt ) .
The number o f  gg d e f e c t s ,  on th e  o t h e r  hand c o n t in u e s  to  
i n c r e a s e .  Again t h i s  be expected:  as ng i n c r e a s e s  th e
p r o b a b i l i t y  o f  i t  fo rm ing  a p a i r  w i th  a n o th e r  gauche 
in c r e a s e s ,  so t h a t  ngg in c r e a s e s .  The o n ly  t h in g  l i m i t i n g  th e  
number o f  gg d e f e c t s  (and o f  course ng) in  t h e o r y  i s  th e  
cha in  le n g th  o f  th e  m o le c u le ,  l i m i t i n g  ng to  t h e  number o f  
bonds in  the  c h a in .
F ig u r e  4 . 4  V a r i a t i o n  in  th e  number o f  gtg and gg d e f e c t s
w i t h  in c r e a s in g  number o f  g d e f e c t s .
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Figure  4 . 5  shows th e  v a r i a t i o n  in  th e  t o t a l  number o f  
both gtg  and gg d e f e c t s  w i t h  number o f  g d e f e c t s .  The curve  
i s  n o n - l i n e a r ,  bu t  th e  a d d i t i o n  improves th e  s t a t i s t i c s ,  
g i v i n g  a much smoother curve  and making p r e d i c t i o n  o f  th e  
number o f  g d e f e c t s  from th e  number o f  gtg and gg d e f e c t s  
more p r e c is e .
F ig u r e  4 . 5  V a r i a t i o n  o f  th e  t o t a l  number o f  g tg  and gg 
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4 . 1 . 4  Chain dimensions
Having determ ined  th e  number o f  gauche c o n fo rm a t io n s  
(rig) p re s e n t  in  Li PS, from th e  i n f r a r e d  d a ta  and th e  
r o t a t i o n a l  is o m e r ic  s t a t e  model,  i t  becomes p o s s ib le  t o  
c a l c u l a t e  th e  dimensions o f  th e  m olecu le  (eg e n d - to -e n d  
l e n g t h )  a l lo w in g  th e  e s t i m a t i o n  o f  m o le c u la r  volume e t c  ( 5 ) .  
F ig u r e  4 .6  shows th e  s ta n d a rd  cha in  con fo rm a t io n  ( i . e .  a l l  
t r a n s )  f o r  a l i n e a r  n -a lk a n e  c o n t a in in g  Nc carbon atoms. A l l  
th e  carbon atoms l i e  in  t h e  x - y  p lan e  (hydrogen atoms a r e  
ignored  in  th e  d ia g ra m ) ,  w i t h  each su c c es s iv e  atom hav ing a 
g r e a t e r  p o s i t i v e  x - v a l u e ,  w h i l e  y  a l t e r n a t e s  between zero  and 
a p o s i t i v e  v a lu e  and z=0. T h is  g ives  a "s tandard"  ( a l l  t r a n s )  
v e c t o r  p o s i t i o n  o f  th e  s k e l e t a l  atom o f  v ®. I f  a l l  t h e  
bonds a re  a l lo w e d  t o  r o t a t e  then  th e  s k e l e t a l  c o - o r d i n a t e  
v e c t o r  is  g iven  by ( 5 ) : -
m-1 2 - 1
where <f>j i s  th e  a n g le  r o t a t e d  by th e  l tfl bond and 7^ i s  
d e f in e d  a s : -
( 4 . 1 0 )
w h e r e : -
’  cosaj  sinccj 0 
r«i -  - s i n a 2  costXj 0  
o 0  1
( 4 . 1 1 )
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and
a j  -  t a n  1
f o o  ^Y i - y i - i
o o X l - X l -1
(4 .1 2 )
where ctj i s  th e  a n g le  between the  l - 1 th and 1 th bonds on 
th e  x - a x i s  and i s  a l t e r n a t i v e l y  p o s i t i v e  and 
n e g a t i v e .
* ♦ 1 -
1  0  0
0  cos<|) j  s i n <|>2  ( 4 . 13)
0  - s i n < |>2  cos(p2
where i s  th e  a n g le  o f  r o t a t i o n  o f  l tfl bond.
These f a c t o r s  can be combined i n t o  a s i n g l e  m a t r i x
4>i
cos2a j+ c o s ^ j S in 2® 2 cosa 2s in a  2  ( l -cos<|)2) - s i n a 2 cos 4 > 2 
cosa 2s in a  2 (l-co8<j>2). s i n 2 a 2 +cos2 a 2 cos < | ) 2  c o s a 2 sin<i> 2  
s in 4 >2 s in a 2  - s i n 4 >2 c o s a 2  - c o s 4 » 2
(4,14)
The above model can then  be used to  d e te r m in e  th e  
maximum chain  e x te n s io n  ( i . e .  th e  f u r t h e s t  d is t a n c e  f rom th e  
o r i g i n  reached by any atom o f  th e  c h a i n ) ,  f o r  a c h a in  
c o n t a in in g  NQ carbon atoms and having ng gauche d e f e c t s .  The 
maximum cha in  e x t e n s i o n ,  /?, can be re p res e n te d  t h u s : -
R - j (x 1- x a) 2+ (y 2 - y 0 ) 2+ ( z ±- z 0) 2 ( 4 .1 5 )
where Xj, yj and Zj a r e  such t h a t  R i s  maximized.
The c o - o r d i n a t e s  o f  vQ a r e  such t h a t  x0 =O, yQ- 0 and zQ- 0 ,  
thus  s i m p l i f y i n g  eqn 4 . 1 5  t o : -
R-Jxi+yj+Zi (4 .1 6 )
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F ig u r e  4 . 6  The c o - o r d i n a t e  system f o r  th e  a l l - t r a n s  
c o n fo rm a t io n  o f  an n -a lk a n e  w i t h  Nc carbon  
atoms in  th e  backbone (hydrogen atoms a re  not  
shown) .
I
T h is  p a r t i c u l a r  q u a n t i t y  was chosen because i t  b e s t  
represents  th e  e x t e n t  to  which a m olecu le  may e x te n d  beyond 
th e  i o n i c  core  o f  a re v e r s e  hexagonal phase. The c h a in  end-  
to -e n d  d is t a n c e  was no t  used, f o r  example, because t h i s  
would g iv e  a v e r y  small v a lu e  in  th e  case o f  t h e  c h a in  
f o l d i n g  back on i t s e l f .
When th e  c a l c u l a t i o n  i s  a p p l i e d  t o  t h e  re v e r s e d  
hexagonal phase o f  l i t h i u m  phenyl s t e a r a t e ,  i t  was assumed 
t h a t  th e  f i r s t  carbon atom l i e s  on th e  s u r fa c e  o f  t h e  i o n i c  
c o re ,  w i th  th e  c o - o r d i n a t e  system d e f in e d  by t h e  f i r s t  two
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bonds so t h a t  th e  carbon atom a t  v2 l i e s  on the  x - a x i s .  The 
y - a x i s  is  then a ta n g e n t  t o  th e  i o n i c  core  s u r fa c e  a t  VQ. 
Having determ ined th e  q u a n t i t y  R in  t h i s  way, th e  v a lu e  was 
ta k en  to  be th e  maximum p o s s ib le  e x te n s io n  o f  th e  cha in  
p e r p e n d i c u la r  t o  th e  i o n i c  core  s u r f a c e .
A computer s i m u l a t i o n  t o  c a l c u l a t e  the  maximum cha in  
l e n g th  o f  n -heptadecane  was performed, w i t h  the  n -hep tadecane  
c o n t a in in g  between 1 and 15 gauche d e f e c t s ,  and a s i m u l a t i o n  
o f  1 0 ,000  m o le c u le s .  I t  was assumed t h a t  the  m o lecu le  was 
i d e a l i z e d ,  i . e .  t h a t  th e  C-C bond is  1.54A ( 6 ) ,  and th e  C-C-C  
bond ang le  i s  t e t r a h e d r a l  (109°28 ) ,  g i v i n g  a v a lu e  f o r  aj o f  
±35°16 , and th e  bond r o t a t i o n  was th e  i d e a l i z e d  gauche ang le  
o f  ±120° (<£p120°) .  F ig u r e  4 . 7  shows th e  v a r i a t i o n  o f  th e  
average  v a lu e  o f  R , Rsy, w i t h  number o f  gauche d e f e c t s .  As can 
be seen, th e  c h a in  e x te n s io n  decreases w i th  in c r e a s in g  
p r o p o r t io n s  o f  gauche d e f e c t s ,  as th e  cha in  t r a j e c t o r y  
becomes more compact. T h is  leads  to  th e  r e s u l t  t h a t  f o r  an 
i s o t r o p i c  n -hep tadecane  w i t h  5 . 6  gauche d e f e c t s  per  c h a in  
(see  F ig u re  4 . 5 )  a t  room te m p e ra tu r e ,  th e  cha in  e x t e n s i o n ,  
Ray, i s  found t o  be 9 . 8A w h i l e  a t  500°C ( 7 . 9  gauche d e f e c t s  
per c h a in )  a c h a in  e x te n s io n  o f  8 . 7A i s  o b ta in e d .  T h is  shows 
t h a t  once th e  m olecu le  i s  in  an i s o t r o p i c  phase, th e  c ha in  
e x t e n s i o n ,  RaY, i s  r e l a t i v e l y  c o n s ta n t ,  and i s  t h e r e f o r e  
i n s e n s i t i v e  t o  te m p e ra tu r e  because o f  t h e  r e l a t i v e l y  l a r g e  
numbers o f  gauche bonds.
F ig u re s  4 . 8  to  4 . 1 5  show th e  d i s t r i b u t i o n  o f  c h a in  
le n g th s  f o r  v a r i o u s  numbers o f  gauche d e f e c t s .  T h is  shows 
t h a t  when th e  number o f  gauche d e fe c ts  i s  1 th e  d i s t r i b u t i o n  









( f i g u r e s  4 . 9  and 4 . 1 0 )  t h e  d i s t r i b u t i o n  becomes v e r y  broad as 
the  number o f  p e rm u ta t io n s  o f  th e  p o s i t i o n s  o f  th e  gauche 
bonds has a s i g n i f i c a n t  e f f e c t  on th e  cha in  e x t e n s io n  from  
th e  i o n i c  c o re .  Then as ng i s  in cre a s ed  even more ( f i g u r e s  
4. 11 t o  4 . 1 5 )  th e  d i s t r i b u t i o n s  begin to  narrow w i t h  Ray 
approaching  a minimum v a lu e  o f  7 . 3A f o r  15 gauche d e f e c t s .  
T h is  narrowing o f  th e  d i s t r i b u t i o n s  i s  caused by th e  
r e d u c t io n  in  th e  number o f  p e rm u ta t io n s  o f  the  p o s i t i o n  o f  
th e  gauche bonds.
F ig u r e  4 . 7  The v a r i a t i o n  o f  th e  average cha in  e x t e n s i o n ,  
/?av, f o r  n -hep tadecane  w i t h  in c r e a s in g  number 
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F ig u r e  4 . 1 0  D i s t r i b u t i o n  o f  c h a in  e x te n s io n ,  R, f o r  ng=5 







3.1 6.9 10.7 14,5 18.4Chain Length /fl
F ig u r e  4 . 11  D i s t r i b u t i o n  o f  c ha in  e x t e n s io n ,  R , f o r  n^-1
0.1
0.1
*  0,1 • H
• M
0.0
0.03.1 8.9 11.8 QChain length /h 14.86.0 17.7
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F ig u r e  4 .1 2  D i s t r i b u t i o n  o f  cha in  e x te n s io n ,  R, f o r  ng=9
0,1
0,1
*  0.1 
• r t
0,0
0,0 16.98.6 11.4Chain length /fl 14.1
F ig u r e  4 . 1 3  D i s t r i b u t i o n  o f  chain  e x te n s io n ,  R, f o r  ng=^^
0.1
0,1
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4 . 2  I o n i c  core  r a d iu s
One problem a s s o c ia te d  w i th  measuring the  dimensions o f  
a reve rs ed  hexagonal phase i s  th e  need t o  f i n d  th e  i o n i c  core  
r a d iu s .  This  cannot  be measured d i r e c t l y  using s p e c t r o s c o p ic  
te c h n iq u e s ,  but  has t o  be e s t im a te d  from o t h e r  s t r u c t u r a l  
d a ta  o f  the  soap.  Spegt ( 7 )  used a method f o r  e s t i m a t i n g  t h i s  
v a l u e ,  which employed both c r y s t a l l i n e  and hexagonal phase 
d a ta  and is  o u t l i n e d  below.
The Bragg s p a c in g ,  d, f o r  a hexagonal phase, as 
determ ined by X - r a y  s c a t t e r i n g ,  can be used to  c a l c u l a t e  th e  
d i s t a n c e  between th e  c e n t r e s  o f  c y l i n d e r s ,  a, as f o l l o w s : -
The number o f  p o la r  groups per u n i t  le n g th  o f  c y l i n d e r  
can be de term ined  f r o m : -
The t o t a l  volume o f  th e  c r y s t a l l i n e  soap can be w r i t t e n
a s : -
(4 .1 7 )
B .  JTN a26
2m (4 .1 8 )
where / 3 a 2/ 2  i s  th e  cross  s e c t i o n a l  a re a  o f  t h e  hexagonal
phase u n i t  c e l l
N i s  Avogadro ’ s Number ( 6 . 02x10 26 kmole"1) 
5  i s  t h e  d e n s i t y  in  kg m~ 3 
m i s  th e  mass o f  th e  soap in  kg kmole " 1
(4 .1 9 )
where Vmp i s  th e  volume o f  the  soap c a l c u l a t e d  from th e  
d e n s i t y ,  <5, and th e  mass, m.
Vpoj i s  th e  p o l a r  head group volume
Vn.r i s  th e  volume o f  th e  a l i p h a t i c  p o r t i o n  o f  th efJcr
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soap
Vpar can be expressed  a s : -
2 )V cak+Vah ( 4 .2 0 )
where Nc i s  th e  number o f  carbon atoms in  th e  backbone.  
From eqn 4 .1 9  i t  i s  p o s s ib le  t o  o b ta in  the  p o la r  volume Vpoj 
o f  th e  reversed  hexagonal phase c y l i n d e r s ,  and from t h i s  
c a l c u l a t e  the  r a d iu s  o f  t h e  io n i c  c o re .  H^ pol (where n i s  
taken  from eqn 4 . 1 8 )  g iv e s  th e  molar volume per u n i t  le n g th  
o f  th e  i o n i c  c o re s ,  so t h a t  th e  ra d iu s  o f  one i o n i c  core  i s  




H a r r is o n  ( 8 ) d e te rm ined  th e  i o n i c  core  r a d iu s  f o r  LiPS 
t o  be 4 .8 A ,  us ing  a v a lu e  f o r  n, determined from eqn. 4 . 1 8 ,  
o f  1.8A"1. The v a lu e  f o r  V$oap used by H a r r is o n ,  was d e te rm in e d  
from th e  d e n s i t y  o f  l i t h i u m  s t e a r a t e  a t  25°C and was 
1 .0 4 x 1 03kgm"3 ( 9 ) .
The v a lu e  o f  used by H a r r is o n  (14x10-3 m3 kmole”1) was 
o b ta in e d  by von Sydow ( 1 0 )  f o r  the  c r y s t a l l i n e  (3-form o f  
s t e a r i c  a c id  w i t h  o r th o rh o m b ic  packing o f  c h a in s .  The v a lu e  
o f  Vfflf used ( 3 1 .6 x 1 0 ‘3 m3 kmole"1) was determ ined from t h e  
d i f f e r e n c e  in  volumes o f  two c r y s t a l l i n e  n - a lk a n e s ,  e ic o s a n e  
( C2qH4 2 ) and t r i a c o n t a n e  (C3QH0 2 ) a t  20°C ( 1 1 ) .
In  e a r l i e r  work Spegt ( 7 )  determined th e  i o n i c  c o re  
r a d iu s  o f  th e  re ve rs ed  hexagonal phase o f  cadmium s t e a r a t e  t o  
be 4 .1  A. The v a lu e  o f  Vpar ( 6 4 3 .  6x10“3m‘ 3 kmole'1) used was t h a t  
determined by D o o l i t t l e  ( 1 2 )  from th e  d e n s i t y  o f  n -  
heptadecane a t  «150°C. Using a v a lu e  o f  Vpar a t  t h i s  e l e v a t e d
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temperature, (com parab le  w i t h  t h a t  a t  which CdSt 2 forms a
r e v e rs e  hexagonal phase) g iv e s  a more a c c e p ta b le  r e s u l t  than
using c r y s t a l l i n e  n -a lk a n e  d a t a .  Both methods assume t h a t  th e
core has c r y s t a l l i n e  p a c k in g ,  and as such Vpoj i s  t h e  minimum
adp o s s ib le  volume, Rc i s  t h e r e f o r e  a ls o  a minimum (see  eqn.  
4 .21  ) .
Small ( 1 3 ) ,  us ing S p e g t ’ s d a ta  ( 7 ) ,  e x t r a p o l a t e d  back 
from th e  graph o f  th e  d i s t a n c e  between th e  c e n t r e s  o f  th e  
p o la r  c y l i n d e r s ,  a, f o r  soaps cadmium l a u r e a t e  t o  cadmium 
a r a c h i d a t e ,  ve rsus  number o f  carbon atoms in  th e  soap c h a in ,  
to  o b ta i n  a v a lu e  o f  a f o r  th e  number o f  carbon atoms equal  
to  1 ( the  v a lu e  a t  was assumed t o  be th e  core  r a d i u s ) .
A v a lu e  f o r  /?c, f o r  th e  cadmium soaps, o f  8 .5A was o b ta in e d  
(n o te  t h a t  S p e g t ’ s own c a l c u l a t i o n  using eqn 4 .2 1  g iv e s  
4 . 1 A ) .  T h is  does no t  t a k e  i n t o  account any p o s s i b i l i t y  o f  th e  
soap m olecu les  from n e ig h b o u r in g  c y l i n d e r s  i n t e r l e a v i n g  (see  
F ig u re  4 . 1 6 ) .
The d i f f e r e n c e s  in  th e  v a lu e  o f  Rc c a l c u l a t e d  by Spegt  
and Small ( S m a l l ’ s v a lu e  i s  double  th e  v a lu e  c a l c u l a t e d  by 
Spegt)  can be e x p la in e d  by th e  f a c t  t h a t  Spegt used 
c r y s t a l l i n e  d a t a ,  thus g i v i n g  a minimum v a lu e  f o r  Rc. Small  
on th e  o t h e r  hand used d a ta  from th e  re v e rs e d  hexagonal  
phase, which would be expected  t o  g iv e  a h ig h e r  v a lu e  f o r  Rc, 
and assumed a l i n e a r  in c r e a s e  in  a, t h e  d i s t a n c e  between  
c y l i n d e r  c e n t r e s ,  w i th  i n c r e a s in g  cha in  le n g th  Nc, which may 
not  in  f a c t  be t h e  case.
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F ig u r e  4 .1 6  The p o s s ib le  packing o f  rods in  th e  re v e r s e  
hexagonal phase: a )  s e p a ra te  hexagonal rods  
b) hexagonal rods i n t e r l e a v e d  comb l i k e .
n /  A . / Iv  ■ " v  '  - xrYr
( a ) (b )
F i g u r e  4 .1 7 2 -d im e n s io n a l  r e p r e s e n t a t i o n  o f  th e  double  
h e l i c a l  pack ing  o f  LiPS m olecu les  on th e  
i o n i c  c o re .
Dc




4 . 2 . 1  New model
With  th e  problem o f  us ing  c r y s t a l l i n e  d a ta  a p p l i e d  to  
th e  ( n o n - c r y s t a l l i n e )  r e v e rs e d  hexagonal phase, and the  
p o s s i b i l i t y  o f  c h a in  i n t e r l e a v i n g ,  i t  was decided t o  t r y  to  
develop a model t h a t  r e q u i r e d  o n ly  two p aram eters ,  t h e  number 
o f  ions per u n i t  le n g th  o f  c h a in ,  n , and Dc, t h e  s m a l le s t  
d is ta n c e  a l lo w e d  between two m olecu les .  Both these  q u a n t i t i e s  
can be e s t im a te d  t o  a re as o n ab le  degree o f  a c c u ra c y .  As a 
f i r s t  a p p ro x im a t io n  i t  was.assumed t h a t  the  soap m olecules  
pack onto th e  i o n i c  core  w i t h  some s o r t  o f  r e g u l a r  o r d e r i n g ,  1 
and i f  th e  core  s u r f a c e  i s  " u n r o l l e d " ,  i t  can be t r e a t e d  as 
a 2 -d im e n s io n a l  a r r a y  o f  p o i n t s .  There a re  3 p o s s ib le  2 -  
dimensional  c r y s t a l  l a t t i c e s :  r e c t a n g u la r ,  ob tu se  and
hexagonal .  There  i s  a ls o  t h e  p o s s i b i l i t y  o f  ( l e s s  r e g u l a r )  
packing o f  th e  m olecu les  h e l i c a l l y  onto th e  core  s u r f a c e .
I f  a c r y s t a l  l a t t i c e  i s  chosen, f o r  example a square  
l a t t i c e ,  t h e r e  i s  a problem o f  r a t i o n a l i s i n g  th e  dimensions  
o f  th e  square t o  th e  number o f  ions per u n i t  l e n g t h ,  i . e .  i f  
th e  dimensions o f  th e  square  a re  Dc ( t h e  s m a l l e s t  d i s t a n c e  
a l lo w e d  between two m o le c u l e s ) ,  then i t  i s  p o s s ib le  t o  f i n d  
a r a d iu s  o f  th e  i o n i c  core  t h a t  w i l l  accommodate t h e  l a t t i c e ,  
but cannot be made c o m p a t ib le  w i th  the  number o f  ions  per  
u n i t  le n g th .  C o n v e rs e ly ,  i f  a v a lu e  o f  Rc i s  chosen t o  
accommodate n, t h e  number o f  ions per  u n i t  l e n g t h ,  th e n  i t  i s  
im po ss ib le  t o  pack th e  l a t t i c e  c o m p le te ly  on to  t h e  i o n i c  
c o r e .
So, hav ing  r e j e c t e d  c r y s t a l l i n e  packing f o r  t h e  model,  
h e l i c a l  packing remains a p o s s i b i l i t y ,  w i t h  e i t h e r  a s i n g l e  
o f  double  h e l i x .  Both can accommodate Rc, Dc and n because th e
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p i t c h  o f  the  h e l i x  is  i n f i n i t e l y  v a r i a b l e ,  but i t  was dec ided  
t o  use th e  double  h e l i x  model as t h i s  packs th e  m olecu les  
much more e f f i c i e n t l y  on to  th e  c o re .  F ig u re  4 .1 7  shows th e  2 -  
dimensional  r e p r e s e n t a t i o n  o f  a double  h e l i x  packed onto  a 
i o n i c  core o f  c i r c u m fe r e n c e  C.
A d i f f u s e  X - r a y  peak i s  observed f o r  Li PS a t  a Bragg 
spacing  o f  4 .6 A  ( 8 ) .  T h is  may be cons idered  as a t y p i c a l  
d is t a n c e  between n e ig h b o u r in g  c h a in s .  S ince t h e r e  w i 11 be few  
c ha ins  w i th  s m a l le r  s e p a r a t i o n ,  t h i s  f i g u r e  w i l l  be used t o  
p ro v id e  th e  minimum s e p a r a t io n  between th e  c h a in s ,  DQ. So by 
f i x i n g  Dc and v a r y in g  th e  p i t c h ,  P, o f  the  double  h e l i x  i t  i s  
p o s s ib le  to  c a l c u l a t e  how Rc v a r i e s  w i th  P.
Let  the  number o f  m o le c u les  in  p i t c h ,  P, be 2N, and f o r  
th e  f i r s t  and t h e  2 m olecu le  t o  be v e r t i c a l l y  a l i g n e d ,  we 
r e q u i r e  t h a t : -
u n i t  le n g th  c a l c u l a t e d  from eqn. 4 . 1 8 .
From th e  p la n a r  p r o j e c t i o n  o f  th e  h e l i c a l  s u r fa c e  
( f i g u r e  4 . 1 7 )  we o b t a i n : -
(4 .2 2 )
where n i s  th e  number o f  c a t io n s  in  th e  c y l i n d e r  per
(4 .2 3 )
where Rc i s  th e  r a d iu s  o f  th e  i o n i c  c o re .
R e f e r r i n g  t o  f i g u r e  4 . 1 7  i t  becomes a p p a re n t  t h a t : -
( P ~ f '}) 2+L2 -  (2DC) 2 N ( 4 .2 4 )
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Combining t h i s  w i t h  eqn. 4 .2 3  leads  to
P 2 (N2-2N +1) +4tc2R l -  4N 2D l ( 4 .2 5 )
By r e a r r a n g in g  and s u b s t i t u t i n g  f o r  N from eqn. 4 .2 2  we 
o b ta i n
F ig u re  4 . 1 8  shows t h e  v a r i a t i o n  o f  Rc w i th  p i t c h ,  P, f o r
DC=4.6A  means t h a t  th e  p i t c h ,  P, cannot be less  than  4 .6 A ,  
thus  s e t t i n g  a minimum v a lu e  on P. A lso  because Dc i s  f i x e d ,  
th e  geometry o f  th e  model r e s t r i c t s  th e  p i t c h  to  be le s s  than  
2 D0, so we have th e  c o n d i t i o n : -
T h is  s e ts  a minimum v a lu e  f o r  Pc, f o r  a c o n s ta n t  v a lu e  
o f  n, and as can be seen from  f i g u r e  4 . 1 8  th e  curve  a ls o  has 
a maximum v a lu e .  Hence i t  i s  p o s s ib le  t o  p r e d i c t  t h e  range o f  
v a lu e s  w i t h i n  which Rc f a l l s ,  f o r  a s p e c i f i c  v a lu e  o f  n.
By using d i f f e r e n t  v a lu e s  o f  n, i t  i s  p o s s ib le  t o  
g e n e r a te  a s e r i e s  o f  curves  l i k e  f i g u r e  4 . 1 8 ,  and from th e s e  
curves  i t  i s  p o s s ib le  t o  f i n d  th e  maximum and minimum v a lu e s  
o f  Rc f o r  each v a lu e  on n. F ig u r e  4 . 1 9  shows th e  maximum and 
minimum v a lu e s  o f  Rc v a r y in g  w i t h  n t h e  number o f  ions  per  
u n i t  l e n g th ,  and g iv e s  t h e  r e s u l t  t h a t : -
(4 .2 6 )
LiPS,  assuming Dc=4 .6A  and n=1.8A _1 ( 8 ) .  The c o n d i t i o n  t h a t
(4 .2 7 )
Rn -  2 .9422+0 .32‘Tain
R„ -  3 .3522+1. 09
(4 .2 8 )
(4 .2 9 )
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For d i v a l e n t  metal soaps we assume t h a t  each n-  
c a r b o x y la te  group behaves as a monovalent soap, so n, the  
number o f  metal ions per  u n i t  le n g th  (as  c a l c u l a t e d  from eqn 
4 . 1 8 )  needs t o  be doubled ,  t o  g iv e  2 n soap m olecu les  per u n i t  
l e n g th .
Tab le  4 .1  shows a comparison o f  th e  v a r io u s  methods used 
to  c a l c u l a t e  RQ. The r e s u l t s  from th e  above model a r e  o f  the  
same o rd e r  o f  magnitude as th e  c a l c u l a t i o n s  by Spegt ( 7 , 1 4 )  
and Small ( 1 3 ) .  Rc f a l l s  w i t h i n  th e  range o f  th e  o t h e r  two 
methods f o r  c a l c u l a t i n g  /?c, so th e  model p ro v id e s  a more 
r e s t r i c t e d  range o f  v a lu e s  f o r  Rc. T h is  model g i v e s  a more 
r e a l i s t i c  r e s u l t  f o r  Rc f o r  Li PS than th e  method d e s c r ib e d  by 
Spegt ( 7 )  and used by H a r r is o n  ( 8 ) ,  because i t  assumes th e  
a l i p h a t i c  p o r t i o n  o f  Li PS i s  l i q u i d - l i k e  ( t h e  v a lu e  f o r  Dc 
used, i s  the  same as th e  Bragg spac ing observed f o r  L i q u id  n-  
a l k a n e s ( 1 3 ) ) .  A d i r e c t  comparison w i t h  S m a l l ’ s method (1 3 )  
cannot be made because i t  would r e q u i r e  th e  l i t h i u m  soaps o f  
th e  phenyl n - c a r b o x y l i c  a c id s  from A/c= 12 to  A/c=20 t o  c a l c u l a t e  
th e  hexagonal l a t t i c e  pa ra m e te r  a, and thus  e s t i m a t e  Rc.
92
T a b le  4 .1  Comparison o f  th e  v a r io u s  te chn iq ues  used to
e s t im a t e  th e  v a lu e  o f  /?c, th e  i o n i c  core  ra d iu s
Soap n number 
o f  
io n s /A
Spegt
Rc/ k
D.M Small  
Rc/  A
C a lc u la te d  
Rc/  A 
Min Max
CdSt2
■«3-CO1^-.o 4 .1 * 8 . 5 4 4 .9  6 . 3
CaSt 2 0 . 5 3 5 5 CO CD cn 4^ O cn 3 .5  4 . 6
LiPS 1 . 8 0 6 4 . 6 6 -------- 5 .6  7.1
Data  taken  from r e f  7 ,  D.M. Small used d a ta  f rom t h i s  
r e fe r e n c e  t o  c a l c u l a t e  h is  own v a lu e  o f  RQ.
Data  taken  from r e f  14, D.M. Small used th e  d a t a  from  
t h i s  r e fe r e n c e  to  c a l c u l a t e  h is  own v a lu e  o f  Rc.
Data  ta k e  from r e fe r e n c e  8 .
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F ig u r e  4 .1 8  The v a r i a t i o n  o f  the  ra d iu s  o f  t h e  i o n i c

















F ig u r e  4 .1 9
2.9 4.7 6.4
P  i  t c h  /  &
8.2 10.0
,79
The maximum and minimum v a lu e  o f  Rc as a 
f u n c t i o n  o f  th e  number o f  ions p e r  u n i t  



















9 4  + MiniMUM Rc
2.0
4 . 3  Graphics  m o d e l l in g  package
The m o d e l l in g  te c h n iq u e s  d e s c r ib e d  above t o  c a l c u l a t e  
s t r u c t u r a l  param eters  o f  Li PS have ta k e n ,  as a model f o r  
LiPS, a s im ple  a l i p h a t i c  soap w i t h  no phenyl group a t ta c h e d  
to  t h e  backbone. To examine th e  e f f e c t s  o f  the  phenyl group 
on th e  backbone c o n fo rm a t io n s ,  and a ls o  th e  i n f l u e n c e  o f  th e  
backbone on r o t a t i o n a l  f reedom o f  th e  phenyl r i n g ,  a more 
d e t a i l e d  model i s  r e q u i r e d .
4 . 3 . 1  Molv * 8 6
Moly ’ 8 6  i s  a m o le c u la r  g ra p h ic s  package developed by 
Rohm and Haas, which was run on an A p o l lo  4000 s e r i e s  work 
s t a t i o n .  The m o le c u la r  c o - o r d i n a t e s  can be e n te r e d
g r a p h i c a l l y ,  and th e  bond a n g le s  and bond le n g th s  a r e  assumed 
t o  have t h e i r  i d e a l i z e d  v a l u e s ,  a l th o u g h  these  can be changed 
l a t e r  i f  r e q u i r e d .  C o n fo rm a t io n a l  a n a l y s i s  can then  be
performed on th e  m o le c u le .  The c o n fo rm a t io n a l  energy i s  g iven  
by ( 1 5 ) : -
conf “ v^dw+ ^ coul+^hbond^^conj (4 .3 0 )
where is  t h e  Van d e r  Waals term  a cco unt in g  f o r  s t e r i c
h inderance  and ta k e s  th e  form o f  a Lennard-Jones  
1 2 - 6  p o t e n t i a l : -
j j  . -  J t i L - I i l  + S i l  ( 4 .3 1 )
w h r  d 1 2  d 6  d '
where Ajj i s  a r e p u l s i v e  c o n s ta n t  dependent on atoms i , j  
Bjj i s  a a t t r a c t i v e  c o n s ta n t  dependent on atoms i , j
C:: i s  a r e p u l s i v e  c o r r e c t i o n  c o n s ta n t  which■ J
t e r m i n a t e s  th e  a t t r a c t i o n  a t  6 A 
d i s  th e  d i s t a n c e  between atoms i and j
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£couj i s  th e  co lumbic  i n t e r a c t i o n  term t o  account f o r  p a r t i a l  




S CQfJj  ta k e s  i n t o  account  th e  e f f e c t  o f  any c o n ju g a t io n  o f  bonds 
near  th e  bond o f  i n t e r e s t : -
Econj-B s in 2 ( N O )  (4 .3 4 )
where B  i s  h a l f  th e  energy  o f  th e  b a r r i e r  t o  complete  
r o t a t i  o n .
N  i s  a symmetry f a c t o r  (2 f o r  c o n ju g a te d  bonds and 
3 f o r  n o n -c o n ju g a te d  bonds).
6 i s  t h e  an g le  o f  r o t a t i o n .
Ecoul* f^ibond and Econj ^ e re  not  used to  d e te r m in e  th e
c o n fo rm a t io n a l  energy ,  as re a s o n a b le  agreem ent  w i t h  
l i t e r a t u r e  r e s u l t s  was o b ta in e d  using o n ly  th e  Van de Waals 
i n t e r a c t i o n .
(4 .3 2 )
e i s  t h e  d i e l e c t r i c  c o n s ta n t  
Pj- i s  p a r t i a l  charge on atom i 
th e  hydrogen bonding term
< * • “ >
E  i s  an energy c o n s ta n t  dependent on t h e  atoms 
p a r t i c i p a t i n g  in  th e  hydrogen bonding.  
rQ i s  th e  i n t e r - n u c l e a r  d is t a n c e  pa ra m e te r ,  
dependent on th e  ty p e  o f  atoms.
is  th e  E u c l id e a n  d i s t a n c e  between donor and 
a c c e p to r  atoms.
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4 . 3 . 2  A n a ly s is
The Moly ’ 8 6  model was used to  de te rm ine  th e  e f f e c t  o f  
th e  phenyl group on th e  a l i p h a t i c  backbone o f  Li PS, and v i c e -  
v e r s a .  The e f f e c t  o f  t h e  phenyl group on the  backbone was 
checked by s y s t e m a t i c a l l y  r o t a t i n g  i n d i v i d u a l  bonds in  th e  
backbone w h i le  a ls o  r o t a t i n g  th e  phenyl group, t o  f i n d  th e
e f f e c t  on th e  energy minima e t c .  The e f f e c t  o f  backbone
confo rm at ion  on th e  phenyl r o t a t i o n  was i n v e s t i g a t e d  by 
p la c in g  the  bonds in  s p e c i f i c  conform at ions  and r o t a t i n g  th e  
phenyl group t o  f i n d  t h e  minimum energy and t h e  maximum
p o s s ib le  ang le  o f  r o t a t i o n .  F i r s t  Moly ’ 8 6  was used t o  
d eterm ine  the  v a lu e s  o f  energy  minima when r o t a t i n g  bonds in  
a n - a lk a n e ,  and comparing th e s e  w i th  known l i t e r a t u r e  v a lu e s .
F lo r y  ( 2 )  showed t h a t  t h e  gauche d e fe c t s  in  n - a lk a n e s  do 
not  occur a t  th e  i d e a l i z e d  v a lu e s  o f  ^  = ± 1 2 0 ° ,  bu t  a t  
a ng les  o f  <|> dependent on th e  c o n fo rm a t io n a l  d e f e c t s .
M o d e l l in g  n -p e n ta n e ,  w i t h  bonds 1 and 4 in  the  t r a n s  p o s i t i o n  
^  = 0°) and r o t a t i n g  bonds 2 and 3, (<^, <f>3 v a r y in g
between 0 and 3 6 0 ° ) ,  F l o r y  showed t h a t  tg  and g t  d e f e c t s  a r e  
e q u i v a l e n t ,  and w i t h  energy  minima o f  500 ca l  mole - 1 a t  <p2=0°'> 
<J>3=± 112.5°  and <p3= ± 1 1 2 -5 °; <p3=oP- The energy minima o f  gg and 
g ’ g ’ d e fe c ts  were a ls o  found t o  be e q u i v a l e n t  and o c c u r re d  a t  
<^ 2 = ^ = ± 1 1 0 ° w i th  a c o n fo r m a t io n a l  energy o f  1180 c a l  mole-1. 
T h is  v a lu e  is  a p p r o x im a te ly  t w i c e  th e  v a lu e  f o r  1 gauche bond 
a lo n e ,  so th e  energy f o r  n e ig h b o u r in g  gauche bonds can be 
t r e a t e d  as a p p r o x im a te ly  a d d i t i v e .
In s te a d  o f  a s i n g l e  minimum f o r  th e  d e f e c ts  g ’ g and g g ’ , 
F l o r y  found th e  2 minima o c c u rre d  e i t h e r  s id e  o f  t h e  e x p e c te d  
v a lu e  f o r  gg ’ bond a ng les  o f  ^ 2=120° and ^ = - 1 2 0 ° .  These minima
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occur a t  <£2= 115°, ^ = - 7 7 ° and <£2=77°> <£j=115° f o r  g g ’ , and <£2= 
- 1 1 5 ° ,  <f>2 =77° and <£2 =-77° ,  ^ = 1 1 5 °  f o r  g ’ g, and th e  energy o f  
th e s e  minima is  3200 ca l  mole"1.
The program Moly ’ 8 6  was used t o  check these  v a lu e s ,  and 
f i g u r e  4 .2 0  shows the  energy  contour  map f o r  th e  r o t a t i o n  o f  
bonds 2 and 3 o f  n -p e n ta n e  ( w h i l e  bonds 1 and 4 a re  k e p t  
c o n s ta n t  a t  0 ° ) .  The con to u r  v a lu e s  a r e  as f o l l o w s : -
L ine  No. E n e r g y /k c a l  mole - 1
1 0 .5




6  3 . 0
7 3 .5
8  4 . 0
9 5 .0
10 6 . 0
<f>2 and $3 were in c re a s e d  in  s te p s  o f  5°, and t h i s  
increm ent  was chosen because i t  was th e  minimum p r a c t i c a l  
in c r e a s e  w i t h i n  th e  c o n s t r a i n t s  o f  computer t im e  and memory. 
Steps o f  5° g e n e ra te  5184 c o n fo rm a t io n s ,  whereas 2° s te p s  
would g e n e ra te  32400 c o n fo rm a t io n s .  As can be seen from  
f i g u r e  4 .2 0  th e  tg  and g t  c o n fo rm a t io n s  occur a t  115°, 
5° and $ 2»±5°,  4>2«±115° r e s p e c t i v e l y  and have e n e r g ie s  o f  
le s s  than 500 c a l  mole"1. T h is  shows t h a t  the  gauche u n i t s  
cause a small d e v i a t i o n  in  t h e  t r a n s  r o t a t i o n a l  a n g l e .  The gg 
and g ’ g ’ d e f e c t s  occur a t  <£2 » 1 1 0 °, ^ * 1 1 0 ° and <£2 » - 1 1 0 °,
110° r e s p e c t i v e l y  and have e n e r g ie s  o f  1500<E<2000 c a l  mole"1. 
The g g ’ and g ’ g d e f e c t s  occur  a t  ^2«115°, ^ - 8 0 °  and <£2»80°, 
115° f o r  g g ’ , and <£2« -1 1 5 ° ,  <£2 * 8 O0 and <£2~ - 8 0 ° , ^ a 1 1 5 °  
f o r  g ’ g and have e n e r g ie s  o f  2500<E<3000 ca l  mole"1. These  
v a lu e s  a re  c lo s e  enough t o  those  o f  F l o r y ’ s (when c o n s id e r i n g  
th e  r e s o l u t i o n  used f o r  a n g u la r  r o t a t i o n )  to  g iv e  c o n f id e n c e
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in  th e  l a t e r  c a l c u l a t i o n s .
4 . 3 . 3  L i th iu m  phenyl s t e a r a t e
A l l  p re v io u s  models used here ignored  th e  phenyl group 
a t ta c h e d  to  th e  backbone o f  Li PS, bu t  t h i s  cou ld  be very  
im p o r ta n t  in  d e te r m in in g  t h e  cha in  c o n fo rm a t io n .  LiPS i s  made 
up o f  a m ix tu r e  o f  12 isomers (see s e c t i o n  1 . 3 ) .  Prov ided  
t h a t  th e  phenyl group is  no t  a t ta c h e d  near  to  e i t h e r  end o f  
the  m o le c u le ,  th e  c o n fo rm a t io n s  o f  th e  bonds c lo s e  t o  th e  
phenyl group a r e  u n l i k e l y  t o  be in f lu e n c e d  t o  any g r e a t  
e x t e n t  by th e  p o s i t i o n  o f  th e  phenyl group a long t h e  c h a in .  
M o d e l l in g  was t h e r e f o r e  c a r r i e d  o u t ,  us ing Moly ’ 8 6 , f o r  th e  
most common isomer p r e s e n t  in  LiPS, which has t h e  phenyl  
group a t ta c h e d  t o  th e  soap backbone a t  carbon atom number 1 0  
(see  f i g u r e  4 . 2 1 ) .  The c a l c u l a t i o n s  o f  th e  e f f e c t  o f  th e  
phenyl r o t a t i o n  on v a r i o u s  bonds a re  shown in  f i g u r e s  4 .2 2  
to  4 . 2 7 ,  and t h e  con to urs  a r e  as f o l l o w s : -  









The s tep  s i z e  used f o r  th e  bond r o t a t i o n  was a g a in  5°.
R o t a t io n  o f  th e  bond between atoms 10 and 19 corresponds  
t o  th e  r o t a t i o n  o f  th e  phenyl group (<f>pfieny j ) , and r o t a t i o n  o f  
th e  bond between atoms 6  and 7 corresponds t o  r o t a t i n g  bond 
6  (<ps) e t c .
F ig u re  4 .2 2  shows th e  e f f e c t  o f  r o t a t i n g  t h e  phenyl 
group and bond 6  (minima occur  a t  <f>s=0, 115 o r  245° when
$phenyl~QQ or  240°) ■ The Phenyl r in g  has t h e r e f o r e  no e f f e c t  on
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the  CH2 backbone a t  bond 6 , s in c e  th e  energy minima a re  
i d e n t i c a l  to  those f o r  n - a lk a n e s .  F ig u re  4 .2 3  shows a s i m i l a r  
r e s u l t  o b ta in e d  by r o t a t i n g  (f>pfjenyj and <f>j w i th  th e  energy  
minima aga in  a t  0 , 115 o r  245° when 4>pfienyi=60 o r  240° ,  so we 
a ga in  conclude t h a t  th e  phenyl r in g  has no e f f e c t  on th e  Cfy 
backbone a t  bond 7.
F ig u re  4 .2 4  shows th e  energy contour  map f o r  r o t a t i o n  o f  
the  phenyl r in g  and bond 8  (<f>pfienyj and <J>S) . T h is  shows a 
d i s t o r t i o n  t o  th e  c o n fo rm a t io n s  a l low ed  f o r  the  backbone. The 
energy minima a re  a t  <f>3= 0 ,  90 o r  245° when <f>phenyj=60 o r  240°. 
The energy minimum a t  <^=90° i s  o f  a h ig h e r  energy (between  
1 and 2  kcal mole"1) than  would be expected f o r  a s ta n d a rd  
gauche bond. W i th in  th e  range 100°<^<240° ,  no c o n fo rm a t io n s  
are  e n e r g e t i c a l l y  f e a s i b l e ,  assuming t h a t  any c o n fo rm a t io n  
w i th  an energy g r e a t e r  than  5 kcal mole " 1 above t h e  minimum 
energy c o n fo rm a t io n ,  i s  o f  such low p r o b a b i l i t y  t h a t  i t  can 
be ig n o re d .  Hence th e  phenyl r in g  r o t a t i o n  has a c l e a r  e f f e c t  
on th e  backbone a t  bond 8  and p o s s ib ly  r e s t r i c t s  t h e  m olecu le  
to  t  and g ’ d e f e c t s ,  w i t h  th e  g d e f e c t  ( ^ = 9 0 ° )  reduced in  
p r o b a b i l i t y  because o f  t h e  in c re a s e  in  energy .
F ig u re  4 .2 5  shows th e  energy contour  map f o r  th e  
r o t a t i o n  o f  th e  phenyl group and bond 9. T h is  shows a 
d i s t o r t i o n  in  th e  c o n fo rm a t io n  near th e  s i t e  o f  t h e  g ’ d e f e c t  
(<J>5= -115° ,  4>phenyi=8 0 o r  260°) f o r  bond 9 ,  and has an energy  o f  
*4  kca l  mole " 1 above th e  minimum energy v a lu e ,  making th e  g ’ 
d e f e c t  very  im probab le ,  and e f f e c t i v e l y  r e s t r i c t i n g  bond 9 t o  
t  and g d e f e c t s .
R es u l ts  f o r  th e  r o t a t i o n  o f  th e  bonds on t h e  o t h e r  s id e  
o f  th e  phenyl r i n g  a re  shown in  f i g u r e s  4 .2 6  and 4 . 2 7 .  These
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p l o t s  a re  s i m i l a r  t o  th o s e  o f  f i g u r e  4 .2 5  and 4 .2 4  
r e s p e c t i v e l y ,  e x ce p t  th e  e f f e c t s  a re  m ir r o r e d  and i n v e r t e d .  
The genera l  c o n c lu s io n  i s  t h a t  th e  phenyl r in g  does have an 
e f f e c t  on th e  backbone c o n fo rm a t io n s ,  but  o n ly  over  a l i m i t e d  
number o f  bonds. I f  th e  phenyl group is  a t ta c h e d  a t  carbon  
atom 10 (see  f i g u r e  4 . 2 1 )  then  i t  w i l l  d i s t o r t  t h e  p o s s ib le  
bond c o n fo rm a t io n s  o f  bonds 8 , 9 , 1 0  and 11, but w i l l  have no 
e f f e c t  on th e  o t h e r  bonds. The bonds l i s t e d  a re  r e s t r i c t e d  t o  
t  o r  g ’ , t  o r  g, t  o r  g ’ and t  o r  g f o r  bonds 8 , 9 , 1 0  and 11 
r e s p e c t i v e l y .  There i s  th e  p o s s i b i l i t y  o f  bonds 8  and 11 
a d o p t in g  d i s t o r t e d  gauche c onfo rm a t ion s  a t  90 and -90°  
r e s p e c t i v e l y ,  bu t  t h i s  has a p p r o x im a te ly  t w ic e  th e  energy  o f  
normal gauche c o n fo rm a t io n s ,  and so th e  p r o b a b i l i t y  o f  i t  
o c c u r r in g  i s  reduced. For bonds 9 and 10 t h e r e  i s  th e  
p o s s i b i l i t y  o f  a dop t ing  d i s t o r t e d  gauche c o n fo rm a t io n s  a t  
-1 1 5  and 115° r e s p e c t i v e l y .  These have an energy o f  * 4  kcal  
mole " 1 above minimum e ne rgy ,  and as such i t  i s  v e ry  im probab le  
t h a t  th e s e  c on fo rm a t ion s  w i l l  be adopted .
I t  may be p o s s ib le  t o  see th e  e f f e c t  o f  th e s e  
d i s t o r t i o n s  in  th e  i n f r a r e d  spectrum o f  LiPS: th e  g t g ’ band 
a t  1369 cm' 1 may show a s h o u ld e r  r e s u l t i n g  from a s m a l l  s h i f t  
in  f r e q u e n c y ,  as is  th e  case w i t h  p o ly e t h y l e n e  c r y s t a l s  w i th  
{110}  cha in  f o l d s  ( 1 6 ) .  The gg band a t  1352 cm”1, should  
remain u n a f f e c t e d  as bonds 8 , 9 , 1 0  and 11 can o n ly  form  t  o r  
g ’ , t  o r  g, t  o r  g* and t  o r  g r e s p e c t i v e l y  (bonds 8  and 1 1  
have a reduced p r o b a b i l i t y  o f  fo rm ing  g and g ’ d e f e c t s  
r e s p e c t i v e l y ) .  I f  th e  c o n c lu s io n  t h a t  bond p a i r s  8  & 9, 9 & 
1 0  and 1 0  & 1 1  cannot form gg or  g ’ g ’ d e f e c t  p a i r s  i s
c o r r e c t ,  then t h i s  should reduce t h e  number o f  bonds
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a v a i l a b l e  to  form gg p a i r s  by a t  l e a s t  2 (bonds 9 and 10 
cannot form gg o r  g ’ g ’ p a i r s ,  but bond 8  could w i t h  bond 7, 
and bond 11 could w i th  bond 1 2 ) .  Th is  should  be o b s e r v a b le  in  
i n f r a r e d  spectrum, i f  t h e  a l i p h a t i c  p o r t i o n  o f  LiPS behaves  
l i k e  an i s o t r o p i c  m a t e r i a l ,  as a r e d u c t io n  in  th e  number o f  
gg d e f e c t s  e s t im a te d  from th e  i n f r a r e d  d a ta  compared w i t h  th e  
number o f  gg e s t im a te d  from the  r o t a t i o n a l  is o m e r ic  s t a t e  
model f o r  an n - a lk a n e  o f  th e  same cha in  le n g th  (s e e  s e c t io n  







F ig u r e  4 . 2 0  Energy c o n to u r  map o f  th e  r o t a t i o n  o f  bonds 2
and 3 o f  n -p e n ta n e .
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F ig u r e  4 .21  R e p r e s e n ta t io n  o f  th e  isomer o f  L i th iu m  
Phenyl S t e a r a t e ,  where th e  phenyl group is  
a t ta c h e d  a t  t o  carbon number 1 0 .
22
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F ig u r e  4 . 2 2  Energy c on to ur  map o f  th e  r o t a t i o n  o f  bond 6
and the  phenyl group.
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F ig u r e  4 .2 3  Energy c o n to u r  map o f  th e  r o t a t i o n  o f  bond 7
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F ig u r e  4 . 2 4  Energy c o n to u r  map o f  th e  r o t a t i o n  o f  bond 8






/ r - < i  
t  i  )O
G. 12G.GG. 240.180. 3D0. 360








F ig u r e  4 .2 5  Energy c o n to u r  map o f  th e  r o t a t i o n  o f  bond 9




0 . 60. 120. 160. 30O








F ig u r e  4 .2 6  Energy c o n to u r  map o f  th e  r o t a t i o n  o f  bond 10
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F ig u r e  4 .2 7  Energy c o n to u r  map o f  th e  r o t a t i o n  o f  bond 11








4 . 3 . 4  Maximum phenyl group r o t a t i o n
Having examined th e  e f f e c t  o f  th e  phenyl group on 
i n d i v i d u a l  bonds, we need t o  examine th e  e f f e c t  o f  v a r io u s  
d e f e c t s  on c o n fo rm a t io n a l  energy and th e  f e a s i b i l i t y  o f  
phenyl r o t a t i o n .  From t h i s  i t  s h o u ld .b e  p o s s ib le  t o  f i n d  th e  
most probab le  d e f e c t s ,  and d e te rm ine  i f  th e  c o n c lu s io n s  from  
s e c t i o n  4 . 3 . 3  a r e  in  f a c t  c o r r e c t .
In  d e te r m in in g  th e  maximum o s c i l l a t i o n  a n g le  o f  th e  
phenyl group, an energy c u t - o f f  p o i n t  i s  r e q u i r e d .  I t  was 
d ec ided  t o  use th e  99% p r o b a b i l i t y  l i m i t  ( th e  energy  below 
which t h e r e  i s  a 99% p r o b a b i l i t y  o f  f i n d i n g  the  phenyl group.  
To de te rm in e  t h i s  energy v a lu e  we assumed t h a t  th e  phenyl  
group has a c o n s ta n t  a n g u la r  v e l o c i t y ,  « , g i v i n g  an 
energy  o f
T h is  g iv e s  a c o n s ta n t  energy f o r  c o n s ta n t  a n g u la r  
v e l o c i t y ,  and can then be a p p l ie d  d i r e c t l y  t o  a Maxwell  
d i s t r i b u t i o n  ( 1 7 ) : —
£-JLj6)2
2 (4 .3 5 )
where I  i s  th e  moment o f  i n e r t i a
(4 .3 6 )
where
(4 .3 7 )
where E i s  th e  energy from eqn 4 .3 5
R i s  th e  gas c o n s t a n t ,  8 .3 1 4 3  J K’ 1 mole " 1
T i s  th e  te m p e ra tu r e  /  K and is  t a k e  as room
te m p e ra tu r e ,  293 K.
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F ig u re  4 .2 9  shows th e  energy d i s t r i b u t i o n  f o r  the  
t h e r m a l l y  a c t i v a t e d  r o t a t i o n  o f  th e  phenyl group, c a l c u l a t e d  
from e q u a t io n  4 . 3 7 ,  a t  room te m p e ra tu re  (293  K ) .  T h is  g ives  
a most probab le  energy ,  RT, o f  5 9 6 .7  ca l  mole"1, an average  
e n e rg y ,  £av, o f  7 5 9 .2  ca l  mole " 1 and a r o o t  mean square  
e n e rg y ,  Em  o f  895 ca l  mole"1. The v a lu e  o f  Eav was taken  as 
th e  r e fe r e n c e  energy p o i n t ,  which g iv e s  a v a lu e  o f  E^% o f
3 8 5 9 .2  ca l  mole"1, meaning t h a t  E^% i s  3100 cal mole " 1 above 
th e  r e fe r e n c e  energy v a l u e .  T h is  v a lu e  c o in c id e s  w i t h  a v a lu e  
o f  maximum r o t a t i o n a l  energy  o f  a phenyl group in  p o ly s t y r e n e  
used by T o n e l l i  ( 1 8 ) .  So th e  maximum a n g le  o f  o s c i l l a t i o n  o f  
th e  phenyl group was ta k e n  t o  be th e  a n g u la r  r o t a t i o n  from  
th e  p o s i t i o n  o f  E ^+3100  ca l  mole'1, th rough  Egjn and back up 
t o  E^n+3100 ca l  mole"1.
F ig u r e  4 .2 9  The energy d i s t r i b u t i o n  o f  th e  t h e r m a l l y
a c t i v a t e d  phenyl group r o t a t i o n  a t  room 







E n e r g y  /  o s  1 
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There a re  81 p o s s ib le  r o t a t i o n a l  isom er ic  s t a t e s ,  i f  
bonds 8 , 9 , 1 0  and 11 a re  a l lo w e d  to  adopt any o f  t h e  t ,  g or  
g ’ r o t a t i o n a l  p o s i t i o n s .  T a b le  4 . 2  shows th e  e f f e c t  o f  a l l  
th e s e  d e fe c ts  on th e  minimum energy ,  , and th e  maximum 
a n g le  o f  r o t a t i o n  o f  t h e  phenyl group (some o f  t h e  d e f e c t s  
a re  p a i r e d  because o f  symmetry and a re  e f f e c t i v e l y  th e  
e q u i v a l e n t ) .  The c o n fo rm a t io n s  used were th e  s ta n d a rd  
confo rm at ion s  g iven  by F l o r y  ( 2 ) ,  such as tg  ( w i t h  th e  g 
d e f e c t  a t  an a n g le  o f  1 1 2 .5 ° )  o r  gg (where the  g d e f e c t s  a re  
both a t  110°) .  With  th e  g g ’ d e f e c t  t h e r e  is  a p o s s i b i l i t y  o f  
two minima, one a t  ^ = 1 1 5 ° ,  <£^=-75°, th e  o th e r  a t  <f>g=75°, <f>g>=~ 
115°. Only one o f  th e s e  minima i s  g iven  in  the  t a b l e ,  th e  one 
g i v i n g  th e  low est  energy  c o n fo rm a t io n .
I t  i s  im p o r ta n t  t o  note  th e  r e l a t i o n s h i p  between 
con fo rm a t io n  as w r i t t e n ,  and th e  bonds r e p re s e n te d :  re a d in g  
th e  con fo rm a t io n  from l e f t  t o  r i g h t  re p re s e n ts  bonds 1 1 , 1 0 , 9  
and 8 . For example t g t g ’ has bond ang les  as f o l l o w s : -  <pjj=0°, 
<f>w= 1 1 2 .5 ° ,  4>s= 0° and ^ = - 1 1 2 . 5 ° .
From t a b l e  4 . 2  i t  can be seen t h a t  no c o n fo rm a t io n  
a l lo w s  complete r o t a t i o n  o f  th e  phenyl group, and in  f a c t  th e  
maximum angle  i s  65±5° (because o f  p o s s ib le  asymmetry in  th e  
p o t e n t i a l  energy ,  th e  a n g le  quoted is  the  maximum a rc  
d e s c r ib e  by th e  r o t a t i o n  o f  th e  phenyl r i n g ) .  A lso  
con fo rm a t io n s  w i t h  minimum e n e r g ie s  g r e a t e r  than  3100 ca l  
mole ' 1 above th e  a l l  t r a n s  c o n fo rm a t io n  a re  im p r o b a b le ,  so 
t h i s  l i m i t s  th e  a n g le  o f  r o t a t i o n  f o r  LiPS to  between 50° and 
60°. I t  i s  v e ry  im probab le  t h a t  one o f  th e  s t a t e s  w i t h  a 
s m a l le r  maximum a n g le  o f  o s c i l l a t i o n  w i l l  be o c c u p ie d .
From t a b l e  4 . 2  i t  i s  p o s s ib le  t o  i d e n t i f y  s e v e r a l
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c onform at ions  which a re  o b s e rv a b le  in  th e  i n f r a r e d  spectrum,  
and have a s i g n i f i c a n t  p r o b a b i l i t y  o f  o c c u r r in g  (energy  
minimum is  le s s  than  3100 ca l  mole 1) .  The gg’ t g ’ / g t g g ’ d e f e c t  
c o n ta in s  a gtg d e f e c t ,  bu t  i t s  energy i s  much lower than  
would no rm a l ly  be expected  f o r  t h i s  d e f e c t ,  628 c a l  mole ’ 1 
in s te a d  o f  3000 ca l  mole ’ 1 expected  w i t h  a con fo rm at ion  w i t h  
o n ly  a gg ’ u n i t  p r e s e n t .  The energy o f  a s i n g l e  gauche d e f e c t  
in  an n -a lk a n e  i s  500 c a l  mole- 1 ( 2 ) ,  so the  phenyl r in g  
reduces the  c o n fo rm a t io n a l  energy o f  t h i s  p a r t i c u l a r  
c o n fo rm a t io n ,  and thus  in c re a s e s  th e  p r o b a b i l i t y  o f  a 
gg ’ t g ’ / g t g g ’ d e f e c t .  The g t g t / t g ’ t g ’ d e f e c t  is  a ls o  p r e s e n t ,  
and has an energy o f  1194 ca l  mole ' 1 which is  c lo s e  t o  t h e  
expected v a lu e  o f  * 1 0 0 0  c a l  mole '1, so th e  p r o b a b i l i t y  i s  
s i m i l a r  to  t h a t  f o r  a gtg d e f e c t  in  an n -a lk a n e .
gg and g ’ g ’ d e f e c t s  were p r e d ic t e d  to  be o f  low 
p r o b a b i l i t y  in  s e c t io n  4 . 3 . 3  from th e  d a ta  p re s e n te d .  What 
can be seen from t a b l e  4 . 2  i s  t h a t  no confo rm at ion  c o n t a in in g  
gg or  g ’ g ’ a t  bonds 9 and 10 has a minimum energy o f  l e s s  
than 3100 ca l  mole ’ 1 above th e  a l l - t r a n s  energy .  T h is  c o n f i rm s  
the  h y po thes is  from s e c t i o n  4 . 3 . 3 ,  t h a t  these  bonds a re  t h e  
ones most a f f e c t e d  and t h a t  th e y  do not  form gg o r  g ’ g ’ 
c onfo rm at ion s  a t  bonds 9 and 10. D e fe c ts  g ’ g ’ t t / t t g g ,  g ’ g ’ gg 
and g t g g / g ’ g ’ t g ’ c o n ta in  a gg o r  g ’ g ’ p a i r  and have e n e r g ie s  
l e s s  than 3100 ca l  mole " 1 ( 2 1 9 9 ,2 2 0 7  and 2251 c a l  mole ’ 1 
r e s p e c t i v e l y ) .  A gg o r  g ’ g ’ d e f e c t  in  an n -a lk a n e  has an 
energy o f  1180 ca l  mole ’ 1 ( 2 ) ,  t h i s  makes th e  g ’ g t t  g ’ g ’ gg and 
gtgg d e fe c ts  much less  p ro b a b le  than would be ex pe c te d  i f  t h e  
phenyl group was not  p r e s e n t  ( w i t h  a w e ig h t in g  f a c t o r  ( e" 
as d e f in e d  by F lo r y  ( 2 ) )  a p p r o x im a te ly  0 .2  t im e s  t h e  v a lu e
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f o r  a n n - a l k a n e ) .
These r e s u l t s  c o n f i rm  th e  hy po the s is  from s e c t i o n  4 . 3 . 3  
t h a t  th e  gg and g ’ g ’ sequences have a reduced p r o b a b i l i t y  in  
th e  v i c i n i t y  o f  th e  phenyl group, thus  g i v i n g  r i s e  t o  
behav io ur  s i m i l a r  t o  t h a t  o f  a s h o r t e r  c h a in .  However,  th e  
gtg d e f e c t  i s  no t  a f f e c t e d  t o  such an e x t e n t ,  and may even 
show a smal l in c r e a s e  in  p r o b a b i l i t y  as compared w i t h  an n -  
a l k a n e .
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Ta b le  4 . 2  C onform at iona l  energy  o f  g, g ’ and t  d e f e c t s  a t  
bonds p o s i t i o n s  8 - 9 ,  9 - 1 0 ,  10-11 and 11-12  and
maximum phenyl r o t a t i o n  thus a l lo w e d .
Conform at ion Energy  
K c a l /m o le
Emi n-E  
K ca l /m o le
Phenyl an g le  
o f  r o t a t i o n  
/ d e g r e e s
t  t  t  t - 3 1 .0 1 1 0 . 0 0 0 50
g t t t / t t t g ’ - 3 0 . 7 0 4 0 .3 0 7 50
g t  t  g ’ - 3 0 . 4 7 2 0 .5 3 9 50
9  g ’ t  g V  g t  g g ’ - 3 0 . 3 8 3 0 .6 2 8 55
g g ’ t  t  /  t  t  g g ’ - 3 0 . 3 0 0 0.711 55
t  g ’ t  t  /  t  t  g t - 3 0 . 0 6 3 0 .9 4 8 55
t  g ’ g t - 2 9 .9 5 1 1 .060 65
g t  g t  /  t  g ’ t  g ’ - 2 9 . 8 1 7 1 .194 55
g ’ g ’ t  t  /  t  t  g g - 2 8 . 8 1 2 2 .1 9 9 55
g ’ g ’ g g - 2 8 . 8 0 4 2 .2 0 7 65g t  g g /  g ’ g ’ t  g ’ - 2 8 . 7 6 0 2.251 55
g ’ g ’ g t  /  t  g ’ g g - 2 7 . 8 7 5 3 .1 3 6 65
t  g t  t  /  t  t  g ’ t - 2 7 . 2 4 6 3 .7 6 5 25
g g ’ g ’ t  /  t  g g g ’ - 2 7 .1 1 1 3 .9 0 0 2 0
g t  g ’ t  /  t  g t  g ’ - 2 6 . 6 4 9 4 .3 6 2 25
t  g g t  /  t  g ’ g ’ t - 2 6 . 5 7 9 4 .4 3 2 50
g ’ g ’ g ’ t  /  t  g g g - 2 4 . 7 0 2 6 .3 0 9 50
g t  g ’ g /  g ’ g t  g ’ - 2 4 . 4 5 3 6 .5 5 8 15
g ’ g g t  /  t  g ’ g ’ g - 1 2 . 4 0 3 18 .608 5
g ’ g g g /  g ’ g ’ g ’ g - 1 1 . 2 6 3 19 .748 5g ’ g t  t  /  t  t  g ’ g - 0 . 7 7 7 3 0 .2 3 4 5
g ’ t  t  t  /  t  t  t  g 1 .820 32.831 1 0
g t  t  g /  g ’ t  t  g ’ 2 .0 8 0 33.091 1 0
g g ’ t  g /  g ’ t  g g ’ 2 .6 1 8 3 3 .6 2 9 1 0
g ’ t  g t  /  t  g ’ t  g 2 .8 2 2 3 3 .8 3 3 1 0
g g ’ g ’ g /  g ’ g g g ’ 2 .8 3 0 33.841 15g ’ g ’ t  g /  g ’ t  g g 4 .0 9 0 35.101 1 0
g ’ t  g ’ t  /  t  g t  g 9 .571 4 0 .5 8 2 5
t  g g ’ t 2 6 .9 2 0 57.931 5
g g g t  /  t  g ’ g ’ g ’ 36 .371 6 7 .3 8 2 5
g g g g ’ /  g g ’ g ’ g ’ 3 7 .0 0 2 68 .0 1 3 5
g g g g /  g ’ g ’ g ’ g ’ 3 8 .2 4 2 6 9 .2 5 3 5g ’ t  t  g 4 0 .2 9 3 7 1 .3 0 4 5
g g t  g ’ /  g t  g ’ g ’ 4 1 .2 9 5 7 2 .3 0 6 5
g g t  t  /  t  t  g ’ g ’ 41 .511 7 2 .5 2 2 5
g g t  g /  g ’ t  g ’ g ’ 2 4 7 .9 8 9 2 7 9 .0 0 0 5
g ’ g t  g /  g ’ t  g ’ g 3 2 1 .4 5 3 3 5 2 .4 6 4 5
g g ’ g g ’ 1 0 0 0 0 0 0 —
g g g ’ g ’ 1 0 0 0 0 0 0 —
g g g ’ t  /  t  g g ’ g ’ 1 0 0 0 0 0 0 —
g g ’ g t  /  t  g ’ g g ’ 1 0 0 0 0 0 0 —
g ’ g g ’ g 1 0 0 0 0 0 0 —
g g g ’ g /  g ’ g g ’ g ’ 1 0 0 0 0 0 0 —
g ’ g g ’ t  /  t  g g ’ g 1 0 0 0 0 0 0 —
g g ’ g g /  g ’ g ’ g g ’ 1 0 0 0 0 0 0 ----
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5 L i th iu m  phenyl s t e a r a t e
Th is  c h a p te r  d e a ls  w i t h  th e  e xam in a t ion  o f  t h e  s t r u c t u r e  
o f  l i t h i u m  phenyl s t e a r a t e  using th e  te c hn iq ue  o f  i n f r a r e d  
spec tro scop y .  These r e s u l t s  w i l l  be combined w i t h  th e  
m o d e l l in g  r e s u l t s  from c h a p t e r  4 t o  de te rm ine  th e  dimensions  
o f  th e  a l i p h a t i c  p o r t i o n  o f  th e  re v e rs e  hexagonal phase rods,  
and any e f f e c t  th e  phenyl group may have on t h e  cha in  
backbone.
5.1  P r e p a r a t io n
Phenyl s t e a r i c  a c id  was prepared  by the  F r i e d e l - C r a f t s  
r e a c t io n  o f  o l e i c  a c id  ( c i s - 9 - o c t a d e c e n o i c  a c i d )  w i t h  an 
excess o f  benzene us ing  a luminium c h l o r i d e  as t h e  c a t a l y s t  
under anhydrous c o n d i t i o n s  ( 1 )  ( t h i s  was prepared  by W.J.  
H a r r i s o n ) .  An e t h a n o l i c  s o l u t i o n  o f  phenyl s t e a r i c  a c id  was 
t i t r a t e d  w i th  a 1 molar  50% w a te r ,  50% e thano l  s o l u t i o n  o f  
l i t h i u m  hydrox id e  to  a p h e n o lp h th a le in  end p o i n t .  T h is  was 
then d r ie d  f o r  about  24 hours over  s i l i c a  gel under  vacuum. 
The soap was then  washed w i t h  w a te r  and e thano l  a t  60°C, then  
f i l t e r e d ,  to  remove any i m p u r i t i e s ,  and then f i n a l l y  washed 
w i th  acetone.  F i n a l l y  t o  remove any excess w a te r ,  t h e  l i t h i u m  
phenyl s t e a r a t e  (L iP S )  sample was d r ie d  in  a vacuum o v e r  P2 0 5 
a t  «100°C f o r  2 hours .
The p u r i t y  o f  th e  l i t h i u m  phenyl s t e a r a t e  sample was 
checked using e le m e n ta l  m icro  a n a l y s i s  (MEDEC LT D . ,  Brunei  
U n i v e r s i t y ,  U x b r i d g e ) ,  and gave carbon and hydrogen  
percentages o f  78.02% and 10.59% r e s p e c t i v e l y .  The e x p e c te d  
v a lu e s  f o r  carbon and hydrogen a re  78.64% and 10.72%  
r e s p e c t i v e l y .  The d i f f e r e n c e  in  these  v a lu e s  i s  p ro b a b ly
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caused by w a te r  a t ta c h e d  t o  th e  p o la r  head group, bu t  i t  i s  
im p o ss ib le  t o  be c e r t a i n  o f  t h i s  w i th o u t  t h e  oxygen 
c o n c e n t r a t i o n .
I f  we assume t h a t  w a t e r  i s  th e  on ly  im p u r i t y  i t  i s  
p o s s ib le  t o  e s t im a t e  th e  number o f  w a te r  molecules per  LiPS 
m o le c u le .  Anhydrous LiPS has a molar  mass o f  3 6 6 . 5g mole"1, 
the  a tom ic  masses o f  i n d i v i d u a l  e lem ents  being ta k en  from  
Kaye and Laby ( 2 ) .  By us in g  th e  p ercen tag e  o f  carbon found  
from micro  a n a l y s i s ,  th e  m olar  mass o f  LiPS p lus  w a te r  was 
found t o  be 3 6 9 . 5g mole"1. T h is  g ive s  3g o f  w a te r  p er  mole o f  
LiPS, g i v i n g  1 m olecu le  o f  w a te r  f o r  every  6  m o le c u les  o f  
LiPS.
T h is  i n d i c a t e s  t h a t  t h e  LiPS sample used was a lm ost  
anhydrous, and K ag a r ise  ( 3 )  showed t h a t  l i t h i u m  phenyl  
s t e a r a t e  is  no t  h y g ro s c o p ic ,  so exposure to  a i r  should  no t  
a f f e c t  LiPS s i g n i f i c a n t l y .  As a p r e c a u t io n  th e  sample was 
k ept  in  a s e a le d  j a r  in  a d e s i c c a t o r ,  and was d r i e d  under  
vacuum r e g u l a r l y .
5 . 2  I n f r a r e d  spec tro scop y
A l l  s p e c t r a  re p o r te d  here  w e r e  recorded on a M attson  
Galaxy 6020 s i n g l e  beam F o u r i e r  t r a n s fo rm  i n f r a r e d  
s p e c t r o m e t e r . The r e s o l u t i o n  used was 1cm"1, w i t h  t r i a n g u l a r  
a p o d iz a t io n  and zero  f i l l i n g  d o u b l in g  th e  number o f  d a t a  
p o i n t s ,  g i v i n g  enhanced d i g i t a l  r e s o l u t i o n .  F o u r i e r  s e l f  
d e c o n v o lu t io n  was used t o  enhance th e  s p e c t r a l  r e s o l u t i o n  o f  
s e v e r a l  s p e c t r a ,  using t h e  te c h n iq u e  developed by Kauppinen  
e t  a l  ( 4 , 5 ) .
The a i r  in  th e  s p e c t ro m e te r  was purged us ing a B a ls to n  
F i l t e r  Products  c le a n  a i r  u n i t ,  which he lped to  keep th e  a i r
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m o is tu re  and carbon d i o x i d e  c o n c e n t r a t io n s  low. F ig u r e  5.1  
shows th e  v a r i a t i o n  in  i n t e n s i t y  o f  t h e  1684 cm" 1 w a te r  band 
in  th e  background spectrum, r e l a t i v e  t o  th e  i n t e n s i t y  o f  t h i s  
band w i th  no purge ,  w i t h  t im e  from th e  b eg inn ing  o f  th e  
purge.  As can be seen, by about 30 m inu tes ,  th e  r a t e  o f  
change in  th e  i n t e n s i t y  o f  th e  1684cm"1 band has slowed 
s u f f i c i e n t l y  t o  a l lo w  e x p e r im e n ta l  d a ta  t o  be ta k e n  w i t h o u t  
w a te r  vapour bands i n t e r f e r i n g  s i g n i f i c a n t l y .  As a r o u t i n e  
p r e c a u t io n ,  t h e  sample was placed in  th e  s p e c t ro m e te r  and 
a l lo w e d  to  reach e q u i l i b r i u m  f o r  30 m inu tes .
F ig u r e  5.1  V a r i a t i o n  in  th e  i n t e n s i t y  o f  th e  1684cm"1
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5 . 2 . 1  Sample p r e p a r a t i o n
A 0.5% w/w s o l u t i o n  o f  LiPS in  to lu e n e  was p r e p a re d ,  
which was c a s t  on to  potass ium  bromide p l a t e s  and d r i e d  to  a 
c o n s ta n t  w e ig h t .  For a s ta n d a rd  spectrum (one w i t h  a l l  
v i b r a t i o n a l  modes having a peak h e ig h t  o f  le s s  than  * 1 . 5  
absorbance u n i t s )  on ly  5mg o f  sample was r e q u i r e d ,  bu t  f o r  
th e  d e f e c t  bands ( i n  th e  re g io n  1400-1200  cm"1) which a re  v e ry  
weak, about 15mg o f  sample was used.
LiPS degrades in a i r  a t  t e m p e ra tu re s  above «150°C, so t o  
p re v e n t  t h i s  o c c u r r in g ,  and a ls o  t o  p re v e n t  th e  c e l l  from  
l e a k in g ,  the  potassium bromide p l a t e s  were f i r s t  s e a le d  w i t h  
PTFE ta p e ,  and then t h i s  was s e a le d  w i th  s i l i c o n e  ru b b e r ,  
which i s  s t a b l e  upto «250°C.
5 . 2 . 2  Peak assignments
F ig u re  5 . 2  shows th e  i n f r a r e d  spectrum o f  LiPS a t  room 
te m p e ra tu re  in  t h e  re g io n  4000 t o  600 cm"1. Severa l  bands can 
be seen in  th e  reg io n  700 t o  600 cm-1, but these  have been 
ig n o re d ,  because in  t h i s  re g io n  th e  MCT d e t e c t o r  i s  
approaching t h e  l i m i t s  o f  d e t e c t i o n  (M at tson  quote  a 
f req u e n c y  range o f  6000 t o  660 cm"1' f o r  t h i s  MCT d e t e c t o r ) .  
T a b le  5 .1  shows the  f re q u e n c y  assignments o f  most o f  t h e  
peaks p re s e n t  in  th e  spectrum o f  L iPS, and a r e f e r e n c e  i s  












F ig u r e  5 . 2 I n f r a r e d  spectrum o f  l i t h i u m  phenyl s t e a r a t e  
a t  room te m p e r a tu r e .
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T a b le  5.1 Ass ignment o f  peaks in  th e  i n f r a r e d  spectrum  
o f  l i t h i u m  phenyl s t e a r a t e .
Frequency Vi b r a t i o n a l I n t e n s i  t y Source
cm" 1 type
3105 Arom C-H s t a w sh ( 6 )3083 Arom C-H s t a m ( 3 , 6 )3061 Arom C-H s t a m ( 3 , 6 )3026 Arom C-H s t 8 m ( 3 , 6 )




s t a sh ( 3 )2922 A1 i p S t s ( 3 )
2881 A1 i p s t s sh ( 3 )
2851 A1 i p S t s s ( 3 )1951 Arom w ( 3 )
1943 Arom ^combi n a t io n w ( 3 )
1885 Arom w ( 3 )
1713 c o 2"
c o 2"
Arom
s t a? m
1691 s t s? m
1604 c l c s t a sh ( 3 , 6 )1577 Arom C=C s t a s ( 3 , 6 )1559 c o 2~
Arom
Bg s ( 3 )
1493 fc-H Ba s ( 3 , 6 )
1464 A1 i p ch2
Bs Ba
s ( 3 )
1445 c o 2"
A1 i p











Bs s ( 3 )
1406 A1 i p Bs s ( 3 )1377 A1 i p U w ( 7 )
1369 A 1 i p gtg w sh ( 7 )
1363 A 1 i p gtg ? w sh
1352 A1 i p gg w ( 7 )1341 A1 i p end g t w ( 7 )
1311 A1 i p gtg w ( 7 )
1265 A 1 i p Wa w sh ( 8 )
1 2 2 2 A1 i p Wa w sh ( 8 )
1180 Arom C=C B sh ( 6 )
1155 Arom C=C B w sh ( 3 , 6 )
1114 Arom C=C B m ( 3 , 6 )
1070 Arom + A l i p  C-C St m ( 3 , 6 )
1029 Arom CH B \ \  p la n e ro ( 3 , 6 )
1003 Arom w sh ( 6 )
979 Arom w ( 6 )
963 Arom w ( 6 )
905 Arom w ( 3 , 6 )
889 Arom w ( 6 )
841 Arom w ( 3 , 6 )
760 Arom CH B -1- p lan e s ( 3 , 6 )
721 A1 i p ch2
CH
R s ( 3 , 6 )
699 Arom B Plane s ( 3 , 6 )
s -  s t ro n g  v i b r a t i o n S t  - s t r e t c n i n g
m -  Medium v i b r a t i o n Wa - Wagging
w -  Weak v i b r a t i o n B - Bendi ng
sh -  Shou lder R - Rocki ng
a -  asymmetric s Symmetric
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R eference  3 r e f e r s  t o  th e  assignments o f  bands in  phenyl  
s t e a r i c  a c id ,  w h i l e  r e f e r e n c e  6  compares the  observed and 
c a l c u l a t e d  f r e q u e n c ie s  o f  benzene d e r i v a t i v e s ,  such as 
t o lu e n e  and i s o t a c t i c  p o ly s t y r e n e .
The bands a t  1713 and 1691 cm" 1 have been ass igned  as CC>2 ~ 
s t r e t c h i n g  v i b r a t i o n s .  These bands appear a t  f r e q u e n c i e s  
n o rm a l ly  a s s o c ia te d  w i t h  th e  carbonyl  s t r e t c h i n g  v i b r a t i o n  o f  
c a r b o x y l i c  a c id s  ( 9 ) ,  bu t  o t h e r  ev id e n c e  p o in ts  away from  
phenyl s t e a r i c  a c id  c o n ta m in a t io n  as t h e  source o f  t h i s  band.  
T h is  ev idence  i s : -
( i )  I f  a ca rb ox y l  i c  a c id  was p re s e n t  th e n  a broad  
in te n s e  OH s t r e t c h i n g  band a t  *3500 cm" 1 would a ls o  
be p r e s e n t  and t h i s  i s  not  th e  case.
( i i )  The carbonyl  v i b r a t i o n  a t  1710 cm" 1 produced by a 
c a r b o x y l i c  a c id  i s  a s i n g l e t ,  whereas the  
v i b r a t i o n  observed c o n s is t s  o f  a t  l e a s t  2  peaks.
( i i i )  There i s  a p o s s i b i l i t y  o f  some o f  th e  LiPS 
m olecules  o x i d i s i n g ,  producing ke to n e s  or  
a ldehyd es .  The carbony l  v i b r a t i o n  o f  ke tones  and 
aldehydes is  n o rm a l ly  a t  a h ig h e r  f re q u e n c y  ( * 17 5 0  
cm" 1 ( 8 ) ) .
A major f a c t o r  a g a i n s t  th e  assignment o f  th e s e  
v i b r a t i o n s  to  C02~ s t r e t c h i n g  modes i s  th e  lack  o f  s u p p o r t in g  
e v id e n c e  in  th e  l i t e r a t u r e .  In  a re v iew  ( 1 0 ) ,  Chapman found  
t h a t  sodium s a l t s  o f  f a t t y  a c id s  do no t  show a v i b r a t i o n  in  
th e  re g io n  1730 t o  1690 cm"1, so th e  assignment h e re  i s  o n ly  
t e n t a t i v e .
5 . 3  D e fe c t  re g io n
F ig u re  5 . 3  shows th e  d e f e c t  CH2-wagging r e g io n  o f  LiPS
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a t  room te m p e ra tu re  from 1391 to  1340 cm"1. T h is  shows an 
a d d i t i o n a l  band in  th e  spectrum a t  *1363  cm" 1 which was no t  
p r e d ic t e d  by M a r o n c e l l i  e t  a l  ( 7 ) .  F ig u re  5 . 4  shows th e  same 
spectrum as f i g u r e  5 . 3 ,  but where th e  background,  
approximated by a s e r i e s  o f  s t r a i g h t  l i n e s ,  has been removed 
showing the  peaks used (and th e  a d d i t i o n a l  band a t  1363 cm"1) 
much more c l e a r l y .  We have assumed t h a t  t h i s  a d d i t i o n a l  band 
i s  a v a r i a n t  o f  th e  g t g / g t g *  v i b r a t i o n .  There a r e  s e v e r a l  
p o s s ib le  e x p la n a t io n s  f o r  t h i s  a d d i t i o n a l  band, which a r e : -
( i )  The band i s  a r e s u l t  o f  th e  re v e rs e  hexagonal  
phase (see  s e c t i o n  6 . 3 )
( i i )  The a d d i t i o n a l  band is  due to  a weak phenyl group
v i b r a t i o n  (see  s e c t i o n  6 . 2 )
( i i i )  The band i s  due t o  th e  phenyl group d e c o u p l in g  th e
a l i p h a t i c  backbone o f  LiPS, c r e a t i n g  in  e f f e c t  2 
s h o r t e r  c h a in s .  M a r o n c e l l i  e t  a l  ( 7 )  observed t h a t  
c e r t a i n  v i b r a t i o n s  in  t h i s  r e g io n ,  a l th o u g h  
l o c a l i s e d ,  were a f f e c t e d  by cha in  l e n g t h .  So by 
exam in ing s h o r t  c h a in  f a t t y  a c id s  (s e e  s e c t i o n  
6 . 1 ) i t  i s  p o s s ib le  t o  check t o  see i f  t h i s  band 
i s  due t o  decoup l in g  o f  th e  backbone.
( i v )  The band is  due t o  a d i s t o r t i o n  in  t h e  backbone
caused by th e  phenyl group p r e v e n t in g  t h e  c h a in  
ad o p t in g  t r u e  r o t a t i o n a l  is o m e r ic  s t a t e  
con fo rm a t io n s  (see  s e c t io n  4 . 3 ) .  An a d d i t i o n a l  
band was observed by S p e l l s  e t  a l  in  t i g h t  f o l d e d  
p o ly e t h y l e n e :  th e  1342 cm" 1 band was a s s ig n e d  t o  a 
d i s t o r t e d  form o f  th e  d e f e c t  ggtgg, t h e  d i s t o r t i o n  












F ig u r e  5 . 3  The CH2 d e f e c t  wagging re g io n  o f  th e  spectrum  
o f  l i t h i u m  phenyl s t e a r a t e  a t  room 
te m p e r a tu r e .
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F ig u r e  5 . 4  The CH2 d e f e c t  wagg ing reg io n  o f  t h e  spectrum  
o f  l i t h i u m  phenyl s t e a r a t e  a t  room 
te m p e ra tu r e ,  w i t h  th e  background removed
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A d e t a i l e d  d is c u s s io n  o f  th e  r e le v a n c e  o f  th e  r e s u l t s  to  
th e  p o in ts  made above w i l l  be appear in  cha p te r  6 .
5 . 3 . 1  V a r i a t i o n  o f  d e f e c t  c o n c e n t r a t io n  w i t h  te m p e ra tu r e
H a r r is o n  e t  a l  ( 1 2 )  found t h a t  anhydrous LiPS goes 
through a s e r i e s  o f  high te m p e ra tu re  phases b e fo re  m e l t in g  to  
th e  i s o t r o p i c  s t a t e  a t  a rem arkab ly  high te m p e ra tu r e  o f  
370°C. These in c lu d e  a phase t r a n s i t i o n  beginn ing  a t  *130°C,  
w i th  endothermal h e a t  f lo w  from th e  DSC peaking a t  »151°C and 
th e  t r a n s i t i o n  complete  by ~170°C. The X - r a y  d a ta  o f  H a r r is o n  
e t  a l  ( 1 2 ) ,  shows t h a t  t h e r e  is  a change in  th e  hexagonal  
l a t t i c e  pa ra m e te r ,  a, o f  LiPS across th e  phase t r a n s i t i o n  
beg inn ing  a t  «130°C, bu t  i t  remains in  a re v e rs e  hexagonal  
phase. A lso th e  7Li NMR d a ta  o f  H a r r is o n  e t  a l  ( 1 2 )  shows a 
l i n e  narrowing across t h e  phase t r a n s i t i o n  b e g in n in g  a t  
«130°C, showing th e  core  i s  becoming more l i q u i d  l i k e  but  i s  
not  fu s e d .
I n f r a r e d  spec troscopy  was used t o  i n v e s t i g a t e  t h e  phase 
t r a n s i t i o n  o f  LiPS b e g in n in g  a t  ss130°C, using t h e  d e f e c t  
bands a t  1369 and 1352 cm" 1 ( g tg  and gg r e s p e c t i v e l y )  t o  see 
i f  t h e  backbone p la y s  any p a r t  in  th e  phase t r a n s i t i o n .  
F ig u r e  5 .5  shows th e  e v o l u t i o n  o f  th e  wagging v i b r a t i o n  from  
room te m p e ra tu re  t o  155°C. The i n t e n s i t y  th e  d e f e c t  bands may 
be a f f e c t e d  by th e  phase t r a n s i t i o n ,  o r  by therm al  expans ion  
o f  t h e  sample, g i v i n g  an a p p a re n t  decrease  in  i n t e n s i t y  w i t h  
i n c r e a s in g  te m p e ra tu r e .  So to  observe t h e  " t r u e "  e f f e c t  o f  
te m p e ra tu re  on th e  i n t e n s i t y  o f  the  gtg and gg d e f e c t s  bands,  
we need to  n o rm a l is e  t h e  i n t e n s i t y  o f  each band a g a i n s t  a 
s ta n d a rd  which i s  no t  c o n f o r m a t i o n a l l y  s e n s i t i v e ,  o r  ex pe c te d  
t o  be a f f e c t e d  by th e  phase t r a n s i t i o n .  M a r o n c e l l i  e t  a l  ( 7 )
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chose th e  methyl u m b re l la  mode CH3U a t  1377 cm"1. F ig u r e  5 .6  
shows th e  v a r i a t i o n  o f  bandwidth o f  th e  CH3 II v i b r a t i o n  w i th  
t e m p e ra tu r e ,  which remains c o n s ta n t  ( w i t h i n  e x p e r im e n ta l  
e r r o r )  f o r  a l l  t e m p e r a t u r e s . T h is  g ive s  us c o n f id e n c e  t h a t  
any changes observed in  th e  norm al ised  i n t e n s i t i e s  o f  th e  
d e f e c t  bands w i l l  be due d i r e c t l y  to  a change in  th e  d e f e c t  
p o p u la t i o n ,  and no t  t o  th e  methyl band.
The i n t e n s i t y  o f  each th e  bands was de te rm ined  by 
f i t t i n g  a background and s e v e r a l  peaks t o  the  CH3 II 1377 cm" 1 
v i b r a t i o n  ( th e s e  s y n t h e t i c  peaks were used t o  de term ine .  _ th e  
i n t e n s i t y  o f  th e  methyl v i b r a t i o n ) ,  and then s u b t r a c t i n g  t h i s  
from th e  o r i g i n a l .  Th is  enabled  th e  d e t e r m i n a t io n  o f  th e  
i n t e n s i t y  o f  t h e  gtg ( 1369 cm"1) and gg (1352 cm"1) bands 
d i r e c t l y  from th e  spectrum a f t e r  s u b t r a c t i o n  ( f o r  f u r t h e r  
d e t a i l s  see s e c t i o n  8 . 1 ) .
F ig u re  5 .7  and F ig u r e  5 . 8  show, th e  v a r i a t i o n  in  th e  
norm al ised  i n t e n s i t y  ( d i v i d e d  by th e  1377 cm" 1 band i n t e n s i t y )  
o f  th e  gtg (1369 cm"1) and gg ( 1352 cm'1) d e fe c t s  r e s p e c t i v e l y ,  
w i t h  th e  i n t e n s i t y  o f  th e  gtg band in c l u d i n g  th e  s h o u ld e r  a t  
1363 cm"1. The r e l a t i v e  e r r o r  in  e s t im a t i n g  th e  i n t e n s i t y  o f  
each band in c r e a s e s  w i th  in c r e a s in g  te m p e ra tu r e ,  and i s  about  
±5% a t  47°C and about ±10% a t  171°C .Th is  in c r e a s e  in  e r r o r  i s  
caused by th e  decrease  in  i n t e n s i t y  o f  both th e  methyl  band 
and th e  d e f e c t  band w i t h  in c r e a s in g  te m p e ra tu r e .
F ig u re  5 .7  and F ig u r e  5 . 8  show t h a t  th e  n o rm a l is e d  
i n t e n s i t y  o f  both th e  gtg and gg d e f e c t  modes r i s e s  s t e a d i l y  
w i t h  in c r e a s in g  te m p e ra tu r e ,  and then begins to  l e v e l  o f f  a t  
«130°C, the  beg inn ing  o f  th e  phase t r a n s i t i o n .  When a phase 
t r a n s i t i o n  is  caused by th e  m e l t in g  o f  the  a l i p h a t i c  c h a in ,
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then  one should  see a sudden change in  th e  i n t e n s i t y  o f  th e  
c o n fo rm a t io n a l  s e n s i t i v e  bands ( 7 , 9 ) ,  but t h i s  i s  not  th e  
case w i th  L iPS. T h is  shows t h a t ,  a l though  th e  a l i p h a t i c  
c h a in s  p lay  no major  p a r t  in  th e  phase t r a n s i t i o n  beg inn ing  
a t  130°C, th e  c h a in s  reach a p p r o x im a te ly  an i s o t r o p i c  degree  
o f  d i s o r d e r  b e f o r e  th e  phase t r a n s i t i o n  occurs .
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F ig u r e  5 .6 V a r i a t i o n  o f  th e  f u l l  w id th  a t  h a l f  h e ig h t  o f  
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F ig u r e  5 .8  V a r i a t i o n  o f  th e  norm al ised  i n t e n s i t y  o f  the
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5 . 3 . 2  Numbers o f  d e f e c t s
To e s t im a te  th e  number o f  gtg and gg d e f e c t s  p r e s e n t  in  
LiPS, a c a l i b r a t i o n  c o n s ta n t  i s  r e q u i r e d .  I t  i s  assumed f o r  
a m olten m a t e r i a l  t h a t  th e  i n t e n s i t y  o f  th e  d e f e c t  bands i s  
d i r e c t l y  p r o p o r t i o n a l  t o  th e  number o f  d e f e c t s  p r e s e n t  as 
determ ined  by t h e  RIS model ,  such t h a t : -
^defect “ ^defect*^defect ( 5 .1 )
where ndefect t1ie num^e r  d e fe c ts  e s t im a te d  from th e  
r o t a t i o n a l  is o m e r ic  s t a t e  model.
d^efect t1ie i n t e n s i t y  o f  a p a r t i c u l a r  d e f e c t  band
n o rm a l is e d  a g a i n s t  th e  1377 cm" 1 CH3U band.
d^efect t1ie c a l i b r a t i o n  c o n s ta n t .
The c o n s t a n t ,  K ^ f^ ,  i s  assumed t o  be th e  same f o r  any 
m olecu le  w i th  a po lym ethy len e  p o r t i o n  c o n t a i n i n g  t h a t
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s p e c i f i c  d e f e c t .
I t  i s  p o s s ib le  to  e s t i m a t e  th e  number o f  d e f e c t s  per  
c ha in  f o r  any n -a lk a n e  us in g  th e  r o t a t i o n a l  is o m e r ic  s t a t e  
model (see s e c t i o n  4 . 1 ) ,  and Ifefgtf can be measured f o r  th e
same n - a lk a n e ,  so an e s t im a t e  o f  i s  p o s s i b l e .  F ig u re
5 .9  shows th e  d e f e c t  r e g io n  o f  th e  spectrum o f  th e  n - a lk a n e  
n-hexadecane.  The i n t e g r a t e d  i n t e n s i t y  o f  th e  v a r i o u s  bands 
f o r  a known sample t h ic k n e s s  a re  as f o l l o w s : -  
I ae = 2 .2 0 3  u n i t s 1 
Igtg = 0 .4 5 7  u n i t s  
Igg = 0 . 2 2 5  u n i t s  
The numbers o f  d e f e c t s  e s t im a te d  from th e  r o t a t i o n a l  
i s o m e r ic  s t a t e  model,  f o r  n-hexadecane a t  t h e  same 
te m p e ra tu re  as th e  i n f r a r e d  r e s u l t s  a r e : -  
r)gf.g = 1 . 356  d e f e c t s  per m olecu le
iigg = 1 . 2 1 0  d e f e c t s  per  m olecu le
Having e s t im a te d  th e s e  v a lu e s  i t  i s  p o s s ib le  t o  e s t i m a t e  
d^efect ^o r  botb th e  9t 9 and 99 d e f e c t s .  Tak ing  i n t o  account  
th e  d i f f e r e n c e  in  th e  number o f  methyl groups per  m o le c u le  
f o r  LiPS and n-hexadecane,  /Refect ^or  L ‘1ps becomes: -
n vTzr _ ^  defect*^ me fC 0\K defect   (5.2)
^ ^ defect
So th e  v a lu e  o f  /effect ^or  9 tg  and 9 9  d e f e c t s  i s: 
Kgf.g = 3 . 267  per  m olecu le  
Kgg = 5. 221 per  m olecu le











F ig u r e  5 . 9  The i n f r a r e d  spectrum o f  n-hexadecane in  the
CH2 d e f e c t  wagging r e g io n ,  a t  25°C.
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F ig u re  5 . 1 0  and F ig u r e  5.11 show th e  v a r i a t i o n  o f  th e  
numbers o f  gtg and gg d e f e c t s  r e s p e c t i v e l y  observed f o r  LiPS,  
t o g e t h e r  w i th  th e  numbers o f  gtg and gg d e fe c t s  e s t im a t e d  f o r  
n-heptadecane from th e  r o t a t i o n a l  is om e r ic  s t a t e  model.  From 
f i g u r e  5 . 10  i t  becomes a p p a re n t  t h a t  a t  room te m p e r a tu r e  th e  
number o f  gtg  d e f e c t s  per  m olecu le  (rigtg=0 . 6 2 5 ) i s  a bou t  45% o f  
th e  v a lu e  t h a t  would be expected  f o r  an i s o t r o p i c  phase, bu t  
by th e  t im e  th e  m olecu le  begins t o  go th rough t h e  phase 
t r a n s i t i o n  be g inn ing  a t  *130°C th e  number o f  gtg d e f e c t s  per  
m olecule  has reached t h e  same v a lu e  as f o r  t h e  i s o t r o p i c  
phase w i th  cha ins  o f  equal  le n g th .  From f i g u r e  5 . 1 1 ,  th e  
v a r i a t i o n  in  th e  number o f  gg d e fe c ts  per  m o le c u le  w i t h  
te m p e ra tu re  shows a s i m i l a r  behav iour  to  th e  number o f  g tg  
d e f e c t s  ( f rom  f i g u r e  5 . 1 0 ) ,  ex ce p t  t h a t  on re a c h in g  t h e  phase 
t r a n s i t i o n  te m p e ra tu r e ,  t h e  number o f  gg d e fe c ts  p e r  m o lecu le  
i s  o n ly  *75% o f  th e  number expected  f o r  an i s o t r o p i c  c h a in  o f  
equal le n g th .
The room te m p e ra tu r e  v a lu e s  o f  ngtg and ngg, seem t o  
d is p ro v e  th e  assumption made by H a r r is o n  ( 1 2 )  and Spegt and 
S k o u l io s  ( 1 3 , 1 4 ) ,  t h a t  th e  a l i p h a t i c  p o r t i o n  o f  a soap in  a 
r e v e rs e  hexagonal phase i s  l i q u i d  l i k e .  Th is  may be t h e  case  
w i th  some soaps, but  i s  o b v io u s ly  not  th e  case w i t h  L iPS. In  
f a c t  both ng(.g and nggJ f o r  LiPS a t  room te m p e r a t u r e ,  a r e  le s s  
than h a l f  th e  v a lu e s  expected  f o r  i s o t r o p i c  ( l i q u i d )  n -  
heptadecane,  so th e  a l i p h a t i c  p o r t i o n  o f  LiPS is  more o rd e re d  
than expected f o r  an i s o t r o p i c  m e l t - l i k e  phase.
Another c u r io u s  f e a t u r e  i s  t h a t  a t  the  b e g in n in g  o f  th e  
phase t r a n s i t i o n  (130°C) th e  number o f  gtg d e f e c t s  per  
m olecu le  is  a p p r o x im a te ly  t h a t  expected  f o r  a l i q u i d - l i k e
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cha in  o f  equal l e n g t h ,  bu t  th e  number o f  gg d e fe c t s  per  
m olecule  is  o n ly  15% o f  th e  v a lu e  expected  f o r  a l i q u i d - l i k e  
c ha in  o f  equal l e n g th .  For cadmium s t e a r a t e  in th e  re v e rs e  
hexagonal  phase ( t e m p e r a tu r e  g r e a t e r  than  115°C) ,  no t  on ly  i s  
th e  number o f  gtg d e fe c ts  per  m olecu le  p re s e n t  e q u i v a l e n t  t o  
th e  number f o r  an i s o t r o p i c  n -a lk a n e  o f  th e  same le n g th  and 
a t  th e  same te m p e ra tu r e ,  but  a ls o  th e  number o f  gg d e f e c t s  
p r e s e n t  is  e q u i v a l e n t  t o  an i s o t r o p i c  n - a lk a n e  (see  s e c t io n  
6 . 3 ) .  Th is  shows t h a t  th e  number o f  gg u n i t s  is  no t  
r e s t r i c t e d  by phase. One e x p la n a t io n  f o r  t h i s  i s  t h a t  th e  
phenyl group p re v e n ts  a d ja c e n t  bonds from adopt ing  gg or  g ’ g ’ 
d e f e c t s ,  o r  a t  l e a s t  reduces th e  p r o b a b i l i t y  o f  gg or  g ’ g ’ 
d e f e c t s  o c c u r r in g  (see s e c t i o n  4 . 3 ) .
F ig u r e  5 . 1 0  V a r i a t i o n  in  th e  number o f  gtg d e f e c t s  per  
m olecule  p r e s e n t  in  L iPS, w i th  i n c r e a s in g  
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F ig u r e  5 .11 V a r i a t i o n  in  the  number o f  gg d e f e c t s  per
m olecu le  p re s e n t  in LiPS, w i t h  in c r e a s in g
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5 . 4  Hexagonal phase dimensions
H a r r is o n  e t  a l  ( 1 2 ) ,  found t h a t  th e  hexagonal l a t t i c e  
pa ra m e te r ,  a, f o r  LiPS in c r e a s e s  s l i g h t l y  from 3 5 . 9A t o  36.1  A 
on h e a t in g  from 25°C t o  »130°C. At 140°C t h e r e  i s  a change in  
l a t t i c e  param eter  t o  3 1 . 4A.  So over  th e  phase t r a n s i t i o n  
(b e g in n in g  a t  130°C) t h e r e  i s  a change in  t h e  pa c k in g  o f  
chai n s .
F ig u re  5 . 1 2  shows th e  v a r i a t i o n  in  th e  a v e r a g e  cha in  
e x te n s io n ,  Rav (d e te rm in e d  from th e  e x p e r im e n ta l  d e f e c t  
c o n c e n t r a t io n ,  us ing th e  method d e s c r ib e d  in  c h a p t e r  4 . 1 ) ,  
f o r  LiPS w i th  in c r e a s in g  te m p e ra tu re  upto 195°C, which 
in c lu d e s  th e  phase t r a n s i t i o n .  The cha in  le n g th  d e c re a s e s  in  

















the  g r a d i e n t  decreases s h a r p ly  once th e  t r a n s i t i o n  b e g in s ,  a t  
130°C. The s c a t t e r  o f  th e  d a t a  in  t h i s  reg ion  130-195°C h ides  
any u n d e r ly in g  t r e n d ,  i . e .  Ray could be decreas in g  o r  cou ld  
be c o n s ta n t  t o  w i t h i n  e x p e r im e n ta l  e r r o r s .
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Having e s t im a te d  th e  co re  ra d iu s  in  s e c t io n  4 . 2 ,  i t  i s  
now p o s s ib le  t o  d e te rm ine  th e  dimensions o f  i n d i v i d u a l  
c y l i n d e r s  w i t h i n  th e  re v e r s e  hexagonal phase. The i o n i c  co re  
r a d iu s ,  /?c, has been c a l c u l a t e d  t o  l i e  between a minimum o f  
5. 6A and a maximum o f  7 . 1 2 A.  T a b le  5 . 2  shows a comparison  
between the  hexagonal l a t t i c e  p a ra m e te r ,  a, d e te rm in e d  by 
H a r r is o n  e t  a l  ( 12 )  from X - r a y  d i f f r a c t i o n ,  and t h e  
dimensions e s t im a te d  from i n f r a r e d  s p e c t ro s c o p y .  The 
c a l c u l a t i o n  o f  th e  dimensions o f  th e  c y l i n d e r s  assumes t h a t
















n , t h e  number o f  ions per u n i t  le n g th  o f  core  does not  change 
w i t h  te m p e ra tu r e .  T h is  i s  p robab ly  not  t r u e ,  but t h e  range o f  
v a lu e s  quoted f o r  /?c, th e  core  r a d iu s ,  w i l l  p ro b ab ly  cover  
any change. F ig u r e  5 . 1 3  shows the  dimensions t h a t  have been 
measured and a r e  compared in  t a b l e  5 . 2 .
T a b le  5 . 2  D imensions o f  th e  re v e rs e  hexagonal phase o f
LiPS, us ing X - r a y  d i f f r a c t i o n  and i n f r a r e d  
s p e c t ro s c o p y .
Temperature
/°C
X - r a y  ( 1 2 )  
a /  A
I n f r a r e d  
D mi n /A
I n f r a r e d  
D max /A
25.1 35 . 9 3 3 . 8 3 6 . 8
123. 0 36.1 3 0 . 8 3 3 . 8
135. 2 31 .4 3 0 . 2 3 3 . 2
where D i s  t h e  d ia m e te r  o f  a c y l i n d e r .
One must remember t h a t  th e  average cha in  e x t e n s io n  /?ay, 
d e f in e s  a c y l i n d r i c a l  s u r fa c e  which is  no t  a hard ,  
im p e n e t ra b le  p h y s ic a l  boundary, but an average p o s i t i o n  o f  a 
p e n e t r a b le  boundary. For example a t  25°C, th e  averag e  cha in  
e x t e n s i o n ,  /?ay, has a v a lu e  o f  1 1 . 9A and has a p r o b a b i l i t y  o f  
0 . 4 2  o f  e x te n d in g  beyond Ray. A t  135°C, th e  av era ge  cha in  
e x te n s io n  i s  9 . 5A and t h e r e  i s  a p r o b a b i l i t y  o f  0 . 4 0  o f  c ha in  
e x te n d in g  beyond t h i s  p o i n t .
The p h y s ic a l  s i g n i f i c a n c e  o f  th e s e  r e s u l t s  seems t o  be 
t h a t  a t  room te m p e ra tu re  t h e  hexagonal l a t t i c e  p a ra m e te r  and 
th e  c y l i n d e r  dimensions a re  a p p ro x im a te ly  th e  same ( w i t h i n  
e x p e r im e n ta l  e r r o r ) .  As t h e  te m p e ra tu re  o f  th e  LiPS sample i s  
in c re a s e d  th e  average  cha in  e x te n s io n  decreases  c o n t i n u o u s ly ,  
and thus  the  c y l i n d e r  d imensions,  w h i l e  the  hexagonal l a t t i c e  
spacing  remains a lm ost  c o n s t a n t .  Then as th e  a l i p h a t i c  c h a in
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reaches " l i q u i d  l i k e "  d i s o r d e r ,  th e  hexagonal l a t t i c e  
re a r ra n g e s  g i v i n g  a l a t t i c e  p a ra m e te r ,  a, which i s  aga in
( 1 2 ) shows t h a t  the  i o n i c  core  has become more d is o r d e r e d .  
The f a c t  t h a t  th e  hexagonal l a t t i c e  begins t o  r e a r r a n g e  and 
th e  core  begins t o  m e l t  a t  a p p r o x im a te ly  th e  same te m p e ra tu r e  
as th e  a l i p h a t i c  cha in  reaches " l i q u i d  l i k e "  d i s o r d e r  may 
j u s t  be c o i n c i d e n t a l ,  but  i f  t h e r e  is  some l i n k  between th e  
th e s e  even ts  th e  mechanism a t  p r e s e n t  is  unknown.
F ig u r e  5 . 1 3  Schematic  r e p r e s e n t a t i o n  o f  t h e  re v e r s e
a p p r o x im a te ly  equal t o  th e  c y l i n d e r  d imensions.  A l so  ' L i  NMR
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5 . 5  E f f e c t  o f  sample p r e p a r a t i o n
One o f  th e  problems a s s o c ia te d  w i th  i n f r a r e d  
s p ec tro scop y ,  i s  t h a t  in  most cases th e  sample has t o  be p r e ­
t r e a t e d  to  g e t  i t  i n t o  a s t a t e  where i t  can be observed w i th  
i n f r a r e d  s p e c tro sc o p y .  However , a l l  th e  measurements done by 
H a r r is o n  ( 1 2 )  were c a r r i e d  ou t  on u n t r e a t e d  samples. In  our  
case a t h i n  f i l m  was r e q u i r e d  which could e i t h e r  be pressed  
or  c a s t  from a s o l u t i o n .  Press ing  th e  sample cou ld  impose 
some a d d i t i o n a l  o r d e r  on to  th e  sample, so t h i s  te c h n iq u e  was 
ig n o re d .  S o lv e n t  c a s t i n g  could  a ls o  a f f e c t  th e  sample , by 
l e a v in g  the  a l i p h a t i c  c h a in s  in  a more ordered  s t a t e  as th e  
s o lv e n t  e v a p o r a te s .  Thus th e  f a c t  t h a t  LiPS does no t  have a 
" 1 i q u i d - 1 i k e M c h a in  a t  room te m p e ra tu re  could be due t o  th e  
e f f e c t  o f  s o l v e n t  c a s t i n g .
The e f f e c t  o f  th e  s o l v e n t  c a s t in g  has been i n v e s t i g a t e d  
w i th  DSC, lo o k in g  a t  th e  h e a t  o f  t r a n s i t i o n  f o r  t h e  phase 
t r a n s i t i o n  b eg inn ing  a t  «130°C f o r  both s o l v e n t  c a s t  and 
u n t r e a t e d  LiPS samples (s e e  s e c t io n  7 . 1 . 1 )  (how ever ,  t h i s  
w i l l  on ly  show up d i f f e r e n c e s  in  th e  s t r u c t u r e ,  and not  
e f f e c t s  o f  o r i e n t a t i o n ) .  The r e s u l t s  show no c o n c lu s iv e  
ev idence  f o r  an e f f e c t  on th e  heat  o f  t r a n s i t i o n .
H a r r is o n  ( 1 2 )  showed t h a t  th e  phase t r a n s i t i o n  b e g in n in g  
a t  «130°C is  i r r e v e r s i b l e . So i f  the  o r d e r in g  p r e s e n t  in  LiPS  
a t  25°C is  due t o  th e  s o l v e n t  c a s t i n g ,  then i t  would be 
reasonab le  t o  e x p e c t  th e  backbone cha in  t o  remain “ l i q u i d -  
l i k e "  on c o o l in g  from above th e  phase t r a n s i t i o n .  A d d i t i o n a l  
i n f r a r e d  re a d in g s  were ta k e n  a f t e r  th e  sample had been heated  
up through th e  phase t r a n s i t i o n  and a l lo w e d  t o  cool down. 
Ta b le  5 .3  shows th e  number o f  gtg and gg d e f e c t s  p e r  m o le c u le
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f o r  Li PS a t  v a r io u s  s ta g e s  o f  in  th e  h e a t in g  and c o o l in g  
c y c l e ,  determined from th e  i n f r a r e d  d a t a ,  and a ls o  in c lu d e s  
th e  number o f  gtg and gg d e f e c t s  per  m o lecu le  f o r  an 
i s o t r o p i c  l i q u i d  having t h e  same cha in  le n g th .  The r e s u l t s  
show t h a t  a l th o u g h  t h e r e  i s  an in c r e a s e  in  th e  number o f  
d e f e c t s  per m olecu le  a f t e r  c o o l in g  from above t h e  phase 
t r a n s i t i o n  te m p e ra tu r e ,  t h e  s t r u c t u r e  is  s t i l l  much more 
o rde re d  than f o r  th e  case o f  th e  i s o t r o p i c  n - a l k a n e .  Th is  
would seem to  show t h a t  t h e  o r d e r in g  o f  the  c h a in  in  Li PS a t  
room te m p e ra tu re  i s  no t  p re d o m in a n t ly  caused by s o lv e n t  
c a s t i  n g .
T a b le  5 . 3  The e f f e c t  o f  h e a t in g  and c o o l in g  on th e
number o f  g tg  and gg d e fe c ts  per  m o le c u le ,  
p re s e n t  in  Li PS.
Sample Sample C a l c u l a t i o n s
Temperature on on f o r  I s o t r o p i c
/°C H e a t i  ng C ool i  ng L iq u id
n Qtq nqq nqtq nqq n qtq nqq
25 0 .6 4 0 .6 2 0 . 8 6 0 .8 2 1 .54 1 .35
57 0 .9 4 0 .9 0 1 .36 1 .32 1 .64 1 .51
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6 F a t t y  a c id s  and cadmium s t e a r a t e
The a d d i t i o n a l  d e f e c t  band, observed in  t h e  i n f r a r e d  
spectrum o f  l i t h i u m  phenyl s t e a r a t e  a t  1363 cm'1, cou ld  have 
s e v e r a l  o r i g i n s ,  as s t a t e d  in  s e c t i o n  5 . 3 .  Among th e s e  a r e : -
i )  The phenyl group decouples th e  a l i p h a t i c  backbone,
g iv in g  e f f e c t i v e l y  two s h o r t e r  c ha ins  which cou ld  a f f e c t  
th e  f req uency  o f  th e  gtg d e f e c t  mode ( 1 ) .
i i )  The band i s  a phenyl v i b r a t i o n .
i i i )  The band i s  a r e s u l t  o f  th e  re v e r s e  hexagonal phase.
6 .1  F a t t y  a c id s
By examin ing the  f re q u e n c y  o f  t h e  g t g / g t g ’ d e f e c t  mode 
(which in  lo nge r  cha in  a c id s  occurs a t  1369 cm"1) o f  v a r i o u s  
n - c a r b o x y l i c  a c id s ,  i t  i s  p o s s ib le  t o  f i n d  th e  e f f e c t  o f  
c h a in  leng th  (number o f  carbon atoms in  th e  backbone, Nc) on 
th e  f req u e n c y .
6 . 1 . 1  n -C a r b o x v l i c  a c id s
The n - c a r b o x y l i c  a c id s  used, n -p e n ta n o ic  t o  n -n o n a n o ic  
a c id  were purchased from th e  A l d r i c h  Chemical Company, and 
were o f  th e  h ig h e s t  p u r i t y  a v a i l a b l e  (g o ld  l a b e l ) ,  99% 
minimum assay. A l l  a re  l i q u i d s  a t  room te m p e r a t u r e ,  so 
samples were s im ply  p re pa red  by sandwiching a few drops  
between two sodium c h l o r i d e  p l a t e s  w i t h  a 50x1 0"6m PTFE 
s p a c e r .  The s p e c t ro m e te r  used was th e  Mattson G a laxy  6020  
which s e t  on 1 cm' 1 r e s o l u t i o n  and averaged over  1 0 0  scans.
F ig u re  6.1  shows p a r t  o f  th e  d e f e c t  re g io n  o f  t h e  n -  
c a r b o x y l i c  a c id s  n -p e n ta n e  t o  n -nonano ic  a c i d .  For n -  
p e n ta n o ic  a c id  no v i b r a t i o n a l  peak o r  s h o u ld e r  i s  observed a t  
1369 cm’ 1. Th is  i s  expected  as th e  minimum r e q u i r e m e n t  f o r  a 
g t g / g t g ’ d e f e c t  t o  be o b t a i n a b l e  i s  s i x  carbon atoms in  t h e
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backbone ( corresponding  t o  n -he x a no ic  a c i d ) .  The rema in ing  
a c id s  shown in  f i g u r e  6 . 1  show an in c r e a s e  in th e  i n t e n s i t y  
o f  th e  1369 cm’ 1 d e f e c t  v i b r a t i o n  r e l a t i v e  t o  th e  methyl  
v i b r a t i o n  (1377 cm"1) as th e  cha in  le n g th  is  in c r e a s e d ,  but  
no change in  f r e q u e n c y .  There  a re  two e f f e c t s  in v o lv e d  here :  
as th e  chain  le n g th  in c r e a s e s ,  th e  percen tag e  o f  CH3 groups 
d e creases ,  and so th e  a b s o lu te  methyl v i b r a t i o n  i n t e n s i t y  
de creases .  A lso  as th e  c h a in  le n g th  in c re a s e s  th e  number o f  
g t g / g t g *  d e f e c t s  in c re a s e s  f o r  an i s o t r o p i c  l i q u i d  ( 2 ) ,  and 
t h e r e f o r e  th e  i n t e n s i t y  o f  th e  g t g / g t g ’ v i b r a t i o n  in c r e a s e s .
One e f f e c t  t h a t  can be seen from f i g u r e  6.1  i s  t h a t  o f  
th e  cha in  le n g th  on th e  f req uency  o f  th e  methyl group 
v i b r a t i o n .  F ig u re  6 .2  shows th e  change in  peak f re q u e n c y  w i th  
number o f  carbon atoms, A/c , in  th e  backbone. The methyl  
f req u e n c y  from A/c=18 was p ro v id ed  by phenyl s t e a r i c  a c id ,  
which i s  the  f a t t y  a c id  from which l i t h i u m  phenyl s t e a r a t e  i s  
produced. T h is  r e s u l t  shows t h a t  th e  methyl group v i b r a t i o n  
in  phenyl s t e a r i c  a c id  i s  c h a r a c t e r i s t i c  o f  th e  complete  
c h a in ,  and no t  o f  two s h o r t e r  c h a in s ,  as may have been th e  
case i f  th e  phenyl group decoupled th e  backbone v i b r a t i o n a l  
component.
T h is  r e s u l t ,  a long w i t h  th e  absence o f  any s i g n i f i c a n t  
change in  th e  f req uency  o f  th e  g t g / g t g ’ d e f e c t  mode a t  1369 
cm’ 1 f o r  s h o r t  c h a in  f a t t y  a c id s  n -h e x a n o ic  a c id  t o  n -no na no ic  
a c i d s ,  leads t o  th e  c o n c lu s io n  t h a t  th e  1363 cm’ 1 peak has 












F ig u r e  6.1  The i n f r a r e d  spectrum o f  n -p e n ta n o ic  a c id  to
n-nonano ic  a c i d ,  in  th e  CH2 wagging d e fe c t  
re g io n  a t  room te m p e ra tu r e ,  w i t h  th e  same 
absorbance s c a l e  but maximum absorbance has 
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F ig u r e  6 .2  V a r i a t i o n  o f  th e  peak f req uency  o f  th e  CH3U
v i b r a t i o n  o f  th e  n - c a r b o x y l i c  a c id s  w i th  
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6 . 1 . 2  Phenyl undecanoic  a c id
The phenyl undecanoic  a c id  sample was purchased from  
P f a l t z  and Bauer in c .  and has a minimum assay o f  99%. I t  i s  
a l i q u i d  a t  room te m p e r a tu r e ,  so an i n f r a r e d  sample was 
prepared  by sandwiching th e  l i q u i d  between 2  sodium c h l o r i d e
p l a t e s  w i th  a 50x10“6m PTFE s p a c er .
F ig u re  6 . 3  shows p a r t  o f  th e  Cfy d e f e c t  wagging re g io n
f o r  phenyl undecanoic  a c i d .  The methyl v i b r a t i o n  i s  v e ry
broad,  making i t  d i f f i c u l t  t o  observe th e  1369 cm" 1 g t g / g t g ’ 
d e f e c t  band. T h is  broadening i s  presumably caused by th e  
phenyl group being a t ta c h e d  t o  th e  same carbon atom as th e  
methyl group. No a d d i t i o n a l  band is  seen a t  1363 cm"1, showing  











F ig u r e  6 .3  I n f r a r e d  spectrum o f  phenyl undecanoic ac id
a t  room te m p e r a tu r e ,  in  th e  CH2 d e f e c t  wagging 
re g io n  o f  th e  spectrum.
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because th e  phenyl group i s  a t ta c h e d  a t  th e  end o f  the  
a l i p h a t i c  c h a in ,  i t  cannot have a s i g n i f i c a n t  e f f e c t  on the  
backbone m o le c u la r  c o n fo rm a t io n s .
6 . 1 . 3  Phenyl s t e a r i c  a c id
The phenyl s t e a r i c  a c id  was produced by a F r i e d e l - C r a f t s  
r e a c t i o n  o f  o l e i c  a c id  ( c i s - 9 - o c t a d e c a n o i c a c i d )  w i t h  an 
excess o f  benzene using a lumin ium c h l o r i d e  as a c a t a l y s t  
under anhydrous c o n d i t io n s  ( t h i s  was prepared  by W.J. 
H a r r is o n  a t  S h e f f i e l d  C i t y  P o l y t e c h n i c ) .  The p u r i t y  o f  th e  
sample was checked by e le m e n ta l  micro a n a l y s i s  and was 99% 
assay ( 3 ) .  Phenyl s t e a r i c  a c id  is  l i q u i d  a t  room t e m p e r a t u r e , 
and so the  sample was a g a in  sandwiched between two sodium 
c h l o r i d e  p l a t e s  w i t h  a 50x10"^m PTFE sp a c er .
F ig u re  6 . 4  shows p a r t  o f  th e  CH2 d e f e c t  wagging reg ion  
f o r  phenyl s t e a r i c  a c id ,  and as can be seen t h e  1369 cm" 1 
g t g / g t g ’ d e f e c t  band i s  much broader  than  was observed f o r  
the  n - c a r b o x y l i c  a c id s  w i t h o u t  a phenyl r in g  a t t a c h e d  (see  
f i g u r e  6 . 1 ) .  There  is  a ls o  th e  a d d i t i o n a l  band p r e s e n t  t h a t  
was observed in  Li PS, a t  1363 cm"1. T h is  seems t o  i n d i c a t e  
t h a t  th e  n a tu r e  o f  th e  phase does not  a f f e c t  th e  presence  or  
absence o f  th e  a d d i t i o n a l  band, as i t  i s  p r e s e n t  in  both  
l i q u i d  and r e v e r s e  hexagonal  phase. T h is  i s  c o n s i s t e n t  w i th  
th e  cause be ing a d i s t o r t e d  g t g / g t g ’ d e f e c t  (s e e  s e c t i o n  
4 . 3 . 3 )  ( 4 ) .
6 .2  R o t a t i o n a l  is o m e r ic  s t a t e  model
By measuring the  i n t e n s i t y  o f  th e  1369 cm" 1 g t g / g t g ’ 
d e f e c t  mode i t  should  be p o s s ib le  t o  d e te rm in e  t h e  v a l i d i t y  
o f  th e  r o t a t i o n a l  is o m e r ic  s t a t e  model: in  t h i s  case i f  th e  







F ig u r e  6 .4  I n f r a r e d  spectrum o f  phenyl s t e a r i c  a c id  a t  
room t e m p e r a tu r e ,  in  th e  CH2 d e f e c t  wagging 
r e g io n  o f  th e  spectrum.
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atoms, and th e  number o f  d e f e c t s  e s t im a te d  from th e  i n t e n s i t y  
i s  as p r e d ic te d  by the  r o t a t i o n a l  is o m e r ic  s t a t e  model,  then  
we can assume t h e  model t o  be v a l i d .
F ig u re  6 . 5  shows th e  v a r i a t i o n  in  th e  i n t e n s i t y  o f  the  
1369 cm’ 1 d e f e c t  band w i t h  number o f  carbon atoms Nc. The 
i n t e n s i t y  o f  th e  methyl group was used t o  n o rm a l is e  the  
i n t e n s i t y  o f  th e  gtg band. The f i g u r e  shows t h a t  th e  
i n t e n s i t y  o f  th e  1369 cm’ 1 g t g / g t g ’ d e f e c t  band in c re a s e s  
l i n e a r l y  w i th  in c r e a s in g  number o f  carbon atoms NQ. The 
i n t e r c e p t  on th e  Nc a x is  i s  a t  NQ *  4 . 2 ,  w h i le  th e  r o t a t i o n a l  
is o m e r ic  s t a t e  model p r e d i c t s  an i n t e r c e p t  o f  Nc = 4 . 5 8  (see  
s e c t io n  4 . 1 . 2 ) .  The number o f  g t g / g t g ’ d e f e c ts  de te rm ined  
from f i g u r e  6 .5  using a v a lu e  f o r  th e  c o n s ta n t ,  Kg^, o f  3 .2 7  
(see  s e c t io n  5 . 3 . 2 )  f o r  Nc = 18, i s  n^  = 1 .4 4  d e f e c t  per  
m o le c u le ,  w h i le  th e  r o t a t i o n a l  is o m e r ic  s t a t e  model p r e d i c t s  
a Hgi-g = 1 .54  d e f e c t s  per  m o le c u le .
W i th in  th e  range o f  e x p e r im e n ta l  e r r o r ,  th e s e  r e s u l t s  
show t h a t  th e  r o t a t i o n a l  is o m e r ic  s t a t e  model i s  a good 
d e s c r i p t i o n  f o r  these  m o lecu les  in  l i q u i d  s t a t e .
6 . 3  Cadmium s t e a r a t e
The a d d i t i o n a l  band p r e s e n t  in  th e  d e f e c t  re g io n  o f  
l i t h i u m  phenyl s t e a r a t e  a t  1363 cm’ 1, has p r e v i o u s l y  been 
shown not  to  be as a r e s u l t  o f  a weak phenyl v i b r a t i o n  
( s e c t i o n  6 . 1 . 2 ) ,  o r  o f  th e  phenyl group e f f e c t i v e l y  
de coup l ing  th e  a l i p h a t i c  backbone i n t o  two s m a l l e r  c h a in s  
( s e c t i o n  6 . 1 . 1 ) .  The presence o f  th e  a d d i t i o n a l  band in  
phenyl s t e a r i c  a c id  seems t o  i n d i c a t e  a s t r a i n e d  gtg  
c o n fo rm a t io n ,  but  to  c o n f i rm  t h a t  th e  band i s  n o t  s im p ly  a 










F ig u r e  6 .5  V a r i a t i o n  o f  th e  1369 cm" 1 g t g / g t g ’ d e f e c t  
band n o rm a l is e d  w i th  th e  1377 cm" 1 methyl band 
v th e  number o f  carbon atoms in  th e  n - f a t t y  
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hexagonal phase a t  a r e l a t i v e l y  low te m p e ra tu re  i s  r e q u i r e d .
Cadmium s t e a r a t e  was observed by H a t t i a n g d i  e t  a l  ( 5 ) ,  
using DTA, to  beg in  changing phase from c r y s t a l l i n e  s o l i d  t o  
a mesophase a t  about 85°C. The mesophase formed was shown by 
Spegt and S k o u l io s  ( 6 ) t o  be a re v e rs e  hexagonal phase,  
having a l a t t i c e  p a ra m e te r ,  a, o f  3 6 . 9A.
6 . 3 . 1  P r e p a r a t io n
Cadmium s t e a r a t e  was prepared  by t i t r a t i n g  an e t h a n o l i c  
s o l u t i o n  o f  s t e a r i c  a c id  (BDH Chemical ,  s p e c i a l l y  pure  w i t h  
minimum assay o f  99%) w i t h  a 50% aqueous/e thano l  s o l u t i o n  o f  
sodium hydrox ide  t o  a p h e n o lp h th a le in  end p o i n t ,  a t  60°C. The 
sodium s t e a r a t e  was re h e a te d  t o  60°C ( t o  keep t h e  s t e a r i c  
a c id  and sodium s t e a r a t e  in  s o l u t i o n )  and cadmium c h l o r i d e  
added ( 7 ) .  Th is  p r e c i p i t a t e s  cadmium s t e a r a t e ,  which was 
f i l t e r e d  and washed w i th  w a t e r ,  e th a n o l  and ace to n e  a l l  a t  
about 60°C. T h is  he lps  t o  remove any excess sodium s t e a r a t e ,  
s t e a r i c  a c id  and cadmium c h l o r i d e .  The sample was th e n  d r i e d  
under vacuum a t  75°C over  P2 0 5 f o r  s e v e r a l  hours t o  remove 
excess w a te r .
The p u r i t y  Of th e  sample was checked us ing  e le m e n ta l  
micro a n a ly s is  (MEDEC LTD. Brunei U n i v e r s i t y ,  U x b r i d g e ) ,  
which g ives  percen tag es  o f  carbon and hydrogen o f  62.60% and 
10.31% r e s p e c t i v e l y .  The expected  percen tages  o f  carbon and 
hydrogen a re  63.35% and 10.39% r e s p e c t i v e l y .  I f  we assume 
t h a t  w a te r  i s  th e  o n ly  c o n ta m in a t io n ,  then  th e  v a r i a t i o n  in  
th e  carbon c o n c e n t r a t io n  w i l l  g iv e  a measure o f  t h e  p u r i t y ,  
and t h i s  leads t o  a v a lu e  o f  98.3% cadmium s t e a r a t e  in  th e  
sample.
For an i n f r a r e d  sample a 0.5% w/w s o l u t i o n  o f  cadmium
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s t e a r a t e  w i th  to l u e n e  was p re p a red .  The m ix tu re  was heated up
to  about 85°C (b e g in n in g  o f  th e  phase t r a n s i t i o n  see s e c t io n
7 . 1 . 2 )  to  d i s s o l v e  th e  cadmium s t e a r a t e .  On c o o l i n g ,  th e
s o l u t i o n  becomes a g e l ,  which was then  c a s t  on to  a sodium
c h l o r i d e  p l a t e  and d r i e d  t o  a c o n s ta n t  w e ig h t .
6 . 3 . 2  C r y s t a l l i n e  phase
Cadmium s t e a r a t e  in  i t s  c r y s t a l l i n e  phase (be low 85°C)
shows some i n t e r e s t i n g  v i b r a t i o n a l  f e a t u r e s .  F ig u r e  6 . 6  shows
th e  CH2 wagging re g io n  o f  th e  cadmium s t e a r a t e  spectrum a t
room te m p e ra tu r e .  Here can be seen a p ro g re s s io n  o f  bands,
from 1187 .2  t o  1 3 32 .9  cm"1, which a re  p re s en t  o n ly  in  th e
c r y s t a l  form o f  n - c a r b o x y l i c  a c id s  and t h e i r  soaps ( 8 ) .  The
number o f  peaks p r e s e n t  in  the  p ro g re s s io n  is  de te rm in e d  by
th e  cha in  le n g th  ( 9 ) :  f o r  n - f a t t y  . a c id s  and n - f a t t y  a c id
s a l t s  w i th  even numbers o f  carbon atoms th e r e  a r e  S p e a k s2.AT 4* 1and f o r  odd numbers o f  carbon atoms t h e r e  a re   £__  peaks,2
where Nc i s  th e  number o f  carbon atoms.
F ig u re  6 .7  shows th e  CH2 wagging reg ion  o f  t h e  cadmium 
s t e a r a t e  120°C (above th e  phase t r a n s i t i o n  t o  r e v e r s e  
hexagonal p h a s e ) .  As can be seen from f i g u r e  6 . 7 ,  once th e  
soap changes phase, th e  CH2 wagging p ro g re s s io n  d is a p p e a r s .  
T h is  makes th e s e  bands a u s e fu l  to o l  in  ob se rv ing  t h e  phase  
t r a n s i t i o n .  F ig u r e  6 . 8  shows th e  change in  i n t e n s i t y  o f  th e  







F ig u r e  6 . 6  The CH2 wagg ing re g io n  o f  t h e  i n f r a r e d
spectrum o f  cadmium s t e a r a t e  a t  25°C.
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F ig u r e  6 .7  The CH2 wagg ing re g io n  o f  th e  i n f r a r e d
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F ig u r e  6 . 8  The v a r i a t i o n  o f  th e  CH2 wagging p ro g re s s io n
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The i n t e n s i t y  decreases  l i n e a r l y  from 25°C t o  70°C, a t  
which p o in t  th e  i n t e n s i t y  begins to  decrease more r a p i d l y  
w i t h  a maximum r a t e  o f  change o c c u r r in g  a t  about 90°C. The 
change in  i n t e n s i t y  then  begins  t o  slow down and th e  
t r a n s i t i o n  i s  completed by about  115°C.
The 720 cm" 1 CH2 ro c k in g  v i b r a t i o n  i s  anoth er  i n t e r e s t i n g  
band. F ig u re  6 .9  shows t h a t  th e  band s p l i t s  i n t o  s e v e r a l  
components as a r e s u l t  o f  c r y s t a l l i n e  i n t e r a c t i o n s .  The band 
a t  730 cm" 1 i s  u s u a l l y  a s s o c ia te d  w i th  an o r thorhom bic  c r y s t a l  
l a t t i c e  ( 1 0 ) .  The bands a t  711 and 703 cm" 1 show t h a t  t h e r e  
could  be a d d i t i o n a l  c r y s t a l  forms p re s e n t  ( p o s s i b l y  
m o n o c l in ic ,  see s e c t io n  7 . 4 ) .  On going through t h e  phase 
t r a n s i t i o n  th e  bands o f  c r y s t a l l i n e  o r i g i n  d is a p p e a r  l e a v i n g  






















F ig u r e  6 .9  The Cfy roc k ing  re g io n  o f  th e  i n f r a r e d
spectrum o f  cadmium s t e a r a t e  a t  25°C.
0.40-
740. 8







F ig u r e  6 .9 The CHg ro c k in g  re g io n  o f  t h e  i n f r a r e d
spectrum o f  cadmium s t e a r a t e  a t  120°C.
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6 . 3 . 3  Reverse hexagonal phase
F ig u re  6 .11 shows t h e  CH2 wagging reg ion  o f  th e  cadmium 
s t e a r a t e  i n f r a r e d  spectrum a t  120°C. Both the  g t g / g t g ’ and 
g g / g ’ g ’ modes a t  1369 cm" 1 and 1352 cm’ 1 r e s p e c t i v e l y  a re  
p r e s e n t ,  i n d i c a t i n g  a c e r t a i n  amount o f  d i s o r d e r .  The 1369 
cm" 1 g t g / g t g ’ d e f e c t  does no t  have an a d d i t i o n a l  s h o u ld e r  a t  
1363 cm" 1 (as i s  th e  case w i t h  Li PS),  so t h i s  a d d i t i o n a l  band 
i s  n o t  s im ply  a consequence o f  th e  r e v e r s e  hexagonal phase.
F ig u re  6 .1 2  shows th e  d e f e c t  re g io n  o f  cadmium s t e a r a t e  
w i t h  th e  background s u b t r a c t e d .  The background was 
approxim ated  by a s e r i e s  o f  s t r a i g h t  l i n e s ,  l e a v in g  j u s t  th e  
m e th y l ,  gtg and gg bands p r e s e n t .  A ga in ,  as w i th  L iPS ,  t h i s  
shows up th e  r e q u i r e d  peak p o s i t i o n s  much b e t t e r ,  and i t  a ls o  
shows t h a t  t h e r e  i s  no a d d i t i o n a l  band p re s e n t  as a s h o u ld e r  
t o  t h e  1369 cm’ 1 g t g / g t g ’ d e f e c t  mode. The i n t e g r a t e d  
i n t e n s i t y  was determ ined  th e  same way as LiPS (s e e  s e c t i o n
5 . 3 . 1  and s e c t i o n  8 . 1 )  by f i t t i n g  a background and s e v e r a l  
bands t o  th e  1377 cm’ 1 methyl v i b r a t i o n ,  and s u b t r a c t i n g  t h i s  
f rom th e  o r i g i n a l .  The i n t e n s i t i e s  o f  th e  1369 cm" 1 and 1352 
cm" 1 bands can be determ ined  d i r e c t l y  from th e  s u b t r a c t e d  
spectrum. The i n t e g r a t e d  i n t e n s i t i e s  o f  these  bands a r e : -
Vi b r a t i o n Frequency
/cm ’ 1
I n t e g r a t e d
I n t e n s i t y
Methyl CH3U 1377 0 .0 3 8
CH2 wagging
g t g / g t g ’ 1368 0 .0 1 9








F ig u r e  6.11 The CH2 wagg ing re g io n  o f  th e  i n f r a r e d
spectrum o f  cadmium s t e a r a t e  a t  120°C.
0  . 6 0 -
0 . 5 5 -
0.50-










F ig u r e  6 .1 2  The CH2 wagg ing re g io n  o f  th e  i n f r a r e d  
spectrum o f  cadmium s t e a r a t e  a t  120°C w i th  the  
background s u b t r a c t e d ,  th e  background being  
approx im ated  by a s e r i e s  o f  s t r a i g h t  l i n e s .




0.019A r e a0.004- 0.012A r e a
0 .002-
0 . 000-
1390 1380 1370 1360 1360
W a v a n u m b a r a
166
Using th e  v a lu e  f o r  Kgtg and Kgg de term ined in  s e c t i o n  
5 . 3 . 2 ,  the  numbers o f  d e f e c t s  p re s e n t  in  cadmium s t e a r a t e  a t  
120°C a r e : -
ngtg = 1 . 6 6  ± 0 .1 5  
ngg = 1 .6 4  ± 0 .1 7
Values expected  f o r  ngtg and ngg f rom an i s o t r o p i c  cha in  
a t  120°C, c a l c u l a t e d  from th e  r o t a t i o n a l  is o m e r ic  s t a t e  
model, a r e : -
ngtg = 1 • 7 9
ngg = 1 - 7 4  ;
W i th in  e x p e r im e n ta l  e r r o r s ,  these  d e f e c t  c o n c e n t r a t io n s
agree  w i th  those  f o r  an i s o t r o p i c  l i q u i d .  The number o f  
d e f e c t s  p re s e n t  corresponds t o  an average  cha in  e x te n s io n  o f  
9.5A (see s e c t i o n  4 . 1 . 4 ) .  The core  r a d i u s ,  as d e te rm in e d  in  
s e c t i o n  4 . 2 . 1 ,  i s  4 . 9  t o  6 .3 2 A ,  g i v i n g  c y l i n d e r  d imensions  
between 2 8 . 8A and 3 1 . 7A. The hexagonal l a t t i c e  p a r a m e te r ,  a, 
determ ined by Spegt ( 6 ) f o r  cadmium s t e a r a t e  is  3 6 . 9A. T h is  
appears to  le a v e  a gap o f  about 5A between a d ja c e n t  
c y l i n d e r s .
From th e  c a l c u l a t i o n  o f  /?, th e  c h a in  e x te n s io n  (see  
s e c t i o n  4 . 1 . 4 ) ,  th e  p r o b a b i 1i t y  o f  th e  c h a in  e x te n d in g  b e y o n d '  
th e  average c h a in  e x t e n s i o n ,  Ray, o f  9 .5 A  i s  0 . 4 0 .  A ls o  th e  
p r o b a b i l i t y  o f  t h e  c ha in  e x te n d in g  o u t  t o  come i n t o  c o n t a c t  
w i t h  th e  n e ig h b o u r in g  c y l i n d e r  (/?= 12 .13A)  i s  0 . 2 2 . T h i s  shows 
t h a t  a l though  th e  average  dimensions o f  th e  c y l i n d e r s  do no t  
come i n t o  c o n t a c t ,  a s i g n i f i c a n t  p r o p o r t i o n  o f  c h a in s  from  
ne ig hbo ur ing  c y l i n d e r s  a re  in  c o n t a c t .
There i s  a p o s s i b i l i t y  t h a t  e i t h e r  th e  model f o r  
c a l c u l a t i n g  th e  core  r a d iu s  o f  th e  d i v a l e n t  metal soaps i s  in
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e r r o r  (see s e c t i o n  4 . 2 . 1 )  o r  t h a t  th e  v a lu e  o f  n , t h e  number 
o f  ions per u n i t  le n g t h ,  e s t im a te d  by Spegt ( 6 ) i s  i n c o r r e c t .  
The v a lu e  o f  Rc e s t im a te d  by Small ( 1 1 ) ,  f o r  cadmium s t e a r a t e  
from th e  d a ta  o f  Spegt ( 6 ) i s  * 8 . 5 A .  Th is  would g iv e  a 
hexagonal c y l i n d e r  d ia m e te r  o f  36A, us ing th e  v a lu e  o f  Rav = 
9.5A c a l c u l a t e d  above. T h i s  i s  comparable w i th  th e  v a lu e  o f  
a, th e  hexagonal l a t t i c e  param eter  (a = 3 6 .9 A )  by Spegt ( 6 ) .
One problem w i t h  th e  model proposed in  s e c t i o n  4 . 2 . 1  i s  
t h a t  i t  assumes t h a t  th e  two s t e a r a t e  ions a s s o c ia te d  w i t h  
each cadmium ion behave in d e p e n d e n t ly ,  i . e .  one cadmium _~ 
s t e a r a t e  soap m olecu le  behaves l i k e  two in dependent  
monovalent soap m o le c u les .  T h i s  may no t  in  f a c t  be th e  case.  
The two s t e a r a t e  ions in  each cadmium s t e a r a t e  m o lecu le  may 
pack c l o s e r  than  expected f o r  monovalent soap, so a d d i t i o n a l  
assumptions would have t o  be made t o  c o r r e c t  th e  model f o r  
d i v a l e n t  soaps.
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7 O th e r  te c h n iq u e s
As w e l l  as i n f r a r e d  s p e c tro sc o p y ,  s e v e r a l  o t h e r  
te c h n iq u e s  have been used to  i n v e s t i g a t e  th e  s t r u c t u r e  and 
phase behav io ur  o f  l i t h i u m  phenyl s t e a r a t e  and cadmium 
s t e a r a t e .
7 .1  D .S .C .
A l l  D. S. C measurements were c a r r i e d  out  on a M e t t l e r  
DSC-30 u n i t  under n i t r o g e n  atmosphere and the  h e a t in g  r a t e  
was 5°C min"1.
7 . 1 . 1  L i th iu m  phenyl s t e a r a t e
F ig u re  7.1  shows th e  D. S . C.  t r a c e  o f  l i t h i u m  phenyl  
s t e a r a t e  from 0°C t o  400°C. There  a re  t h r e e  phase t r a n s i t i o n s  
which were ass igned by H a r r is o n  e t  a l  ( 1 )  t o : -
1 5 2 . 8°C 2 2 6 . 8°C 3 7 1 . 1°C
Li qui d
Reverse ( H ^ ) ----- > Reverse (H2) ------ > C r y s t a l l i n e -------> I s o t r o p i c
Hexagonal Hexagonal Hexagonal m e l t
f o c a l  con ic
Temperatures shown are  ta k e n  a t  th e  peak he a t  f l o w .
The t r a n s i t i o n  being c o n s id e re d  in  th e  p r e s e n t  s tudy  i s  
from H| t o  H2. In  a d d i t i o n  t o  th e  D . S . C .  scan o f  th e  bu lk  ; 
sample as produced in  s e c t i o n  5 . 2 . 1 ,  a n o th e r  D . S . C .  scan was 
ta k en  o f  a sample o f  Li PS t h a t  had been d i s s o lv e d  in  to l u e n e  
and then  s o l v e n t  c a s t .  A comparison was then  made t o  f i n d  th e  
e f f e c t ,  i f  any, o f  s o lv e n t  c a s t i n g  on th e  phase t r a n s i t i o n  
e n th a lp y  and te m p e ra tu r e .  T a b le  7.1  shows th e  t r a n s i t i o n  
t e m p e ra tu re  and e n th a lp y  f o r  both samples and as can be seen  
t h e r e  i s  l i t t l e  o r  no change in  th e  t r a n s i t i o n  te m p e r a tu r e  
and e n t h a lp y ,  so we can conc lude  t h a t  t h e  s o l v e n t  c a s t i n g  has 
l i t t l e  o r  no e f f e c t  the  phase o f  Li PS.
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T a b le  7.1  T r a n s i t i o n  te m p e ra tu re s  and e n t h a l p i e s  o f
bu lk  LiPS and LiPS which has been s o lv e n t  
c a s t .
LiPS /S ta n d a r d LiPS / S o l v e n t  c a s t
Temperature °C 152 . 0 150. 5
Energy /k J  mol " 1 5 . 9 ± 0 .5 5 . 7 ± 0 .5
F ig u r e  7.1  D . S . C.  t r a c e  o f  l i t h i u m  phenyl s t e a r a t e  f o r  0
t o  400°C.
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7 . 1 . 2  Cadmium S t e a r a t e
F ig u re  7 .2  shows th e  D. S. C t r a c e  o f  cadmium s t e a r a t e .  As 
can be seen t h e r e  a re  two peaks, one a t  105°C and t h e  o t h e r  
a t  112°C, which would p ro b a b ly  i n d i c a t e  two c r y s t a l  phases 
p r e s e n t .  Spegt and S k o u l io s  ( 2 )  o n ly  observed one phase 
t r a n s i t i o n  when i n v e s t i g a t i n g  th e  e f f e c t  o f  te m p e r a tu r e  on
i
th e  long spac ing  o f  cadmium s t e a r a t e ,  but  H a t t i a n g d i  e t  a l
( 3 )  observed many peaks in  th e  d i f f e r e n t i a l  h e a t in g  curve  
( n o t  D . S . C . )  o f  cadmium s t e a r a t e ,  a t  82 ,  107,  117,  128 and
150°C. The peak a t  82°C i s  th e  s t a r t  o f  th e  phase t r a n s i t i o n  
and i s  a t  a s i m i l a r  te m p e ra tu r e  t o  th e  s t a r t  o f  t h e  phase 
t r a n s i t i o n  observed in  f i g u r e  7 . 2 ,  which is  a t  87°C. The 
d i f f e r e n t i a l  h e a t in g  peaks a t  107 and 117°C a r e  a ls o  a t  
s i m i l a r  te m p e ra tu re s  to  those  observed in  f i g u r e  7 . 2 .  The 
peaks observed by H a t t i a n g d i  ( 3 )  a t  128°C and 150°C have no 
correspo nd ing  peaks in  f i g u r e  7 . 2 :  i n f a c t  in  f i g u r e  7 .2  t h e  
phase t r a n s i t i o n  o f  cadmium s t e a r a t e  i s  com plete  by 120°C. 
The peaks observed by H a t t i a n g d i  may be due t o  i m p u r i t i e s ,  
but  th e y  could  a ls o  be due t o  d i f f e r e n c e s  in  t h e  te c h n iq u e  
used t o  examine th e  samples.
7 . 2  Low f re q u e n c y  Raman spec troscopy
A l l  measurements were taken  on a Spex l a s e r  Raman 
s p e c t ro m e te r  w i t h  t r i p l e  g r a t i n g s .  A l l  th e  measurements were  
ta k e n  a t  4 cm" 1 s p e c t r a l  bandwidth .
7 . 2 . 1  L i th iu m  phenyl s t e a r a t e
F ig u re  7 .3  shows th e  low f req u e n c y  Raman spectrum  o f  
l i t h i u m  phenyl s t e a r a t e ,  and p re s e n t  in  t h i s  spectrum  i s  a 
r a t h e r  broad band a t  ~65 cm”1, having a bandwidth ( f u l l  w id th  
a t  h a l f  h e i g h t )  o f  47cm’ 1. S p e l l s  and Shepherd ( 4 , 5 )  found a
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s i m i l a r  w iarn  a t  a s i m i l a r  p o s i t i o n  in  th e
p o ly s ty r e n e  Raman spectrum t o  be a phenyl t o r s i o n a l  mode
coupled to  a CH2 backbone mode. A comparison o f  t h e  r e s u l t s  
o b ta in e d  by S p e l l s  ( 4 , 5 )  f o r  a t a c t i c  and p a r t i a l l y
c r y s t a l l i n e  i s o t a c t i c  p o ly s t y r e n e  w i t h  LiPS (see t a b l e  7 . 2 )
f o r  th e  low f req u e n c y  Raman phenyl t o r s i o n a l  mode shows t h a t
th e  bandwidths f o r  amorphous a t a c t i c  p o ly s ty r e n e  and f o r  LiPS
a re  o f  a s i m i l a r  m agnitude.  The phenyl groups in  t h e  a t a c t i c
p o ly s ty r e n e  a r e  c o m p le te ly  d is o rd e r e d  in  te rm s  o f
t r a n s l a t i o n a l  o r  r o t a t i o n a l  r e g i s t e r .  The s i m i l a r i t y  between
LiPS and a t a t i c  p o ly s ty r e n e  shows t h a t  the  phenyl r i n g  in
LiPS a re  v e ry  d is o r d e r e d ,  bu t  th e  f a c t  t h a t  t h e  LiPS
bandwidth is  s l i g h t l y  s m a l l e r  may be ev idence  o f  a s l i g h t l y
more r e g u la r  phenyl group c o n fo rm a t io n  in  LiPS. The number o f
t o  150 C
J L. I J L
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F ig u r e  7 .3 The low f r e q u e n c y  Raman spectrum o f  l i t h i u m  
phenyl s t e a r a t e .
Q
GO











i s o m e rs  p r e s e n t  i n  LiPS may a c c o u n t  f o r  much o f  t h e  d i s o r d e r  
o f  t h e  ph en y l  g r o u p .  I t  i s  p o s s i b l e  t h a t  t h i s  does n o t  
a l l o w i n g  any t r a n s l a t i o n a l  o r d e r i n g ,  b u t  p e r m i t s  some 
r o t a t i o n a l  a l i g n m e n t ,  g i v i n g  some r e g u l a r i t y  t o  t h e  pheny l  
c o n f o r m a t i  o n s .
T a b le  7 .2  B a n d w id th s  and f r e q u e n c i e s  o f  t h e  low
f r e q u e n c y  Raman ph en y l  t o r s i o n a l  mode o f  
L iP S ,  a t a c t i c  and i s o t a c t i c  p o l y s t y r e n e  
( 4 , 5 ) .
F re q u e n c y  /cm"1 B a n d w id th  /cm"1
LiPS 65 47
A t a c t i  c 63 63
I s o t a c t i  c 56 15
7 . 2 . 2  Cadmium S t e a r a t e
The v a r i a t i o n  o f  n - p a r a f f i n  LAM v i b r a t i o n a l  f r e q u e n c y
w i t h  c h a in  l e n g t h  has been w e l l  e s t a b l i s h e d  ( s e e  s e c t i o n
3 . 3 . 1 )  ( 6 ) .  F i g u r e  7 .4  shows t h e  LAM 1 mode o f  cadmium
s t e a r a t e  b u t  tw o  peaks a r e  p r e s e n t  i n s t e a d  o f  t h e  one 
e x p e c t e d .  T h i s  s p l i t t i n g  i s  a l s o  p r e s e n t  i n  t h e  LAM 3 mode 
(see  f i g u r e  7 . 5 ) .  T h i s  w o u ld  seem t o  i n d i c a t e  tw o  s t r u c t u r e s  
w i t h  d i f f e r e n t  c h a i n s  l e n g t h s ,  d e n s i t i e s  o r  Y o u n g ’ s m o d u l i  
p r e s e n t  i n  t h e  sa m p le .  T h e re  a r e  two p o s s i b l e  r e a s o n s  f o r  t h e  
a d d i t i o n a l  p e a k s : -
i )  I m p u r i t i e s  i n  t h e  sam p le  g i v i n g  r i s e  t o  t h e  tw o  p e a ks .
i i )  D i f f e r e n t  c r y s t a l  f o r m s  p r e s e n t  i n  t h e  s a m p le .
The peaks a r e  o f  s i m i l a r  i n t e n s i t y ,  w h ic h  w o u ld  i n d i c a t e
an a p p r o x im a t e  50% p r o p o r t i o n  o f  i m p u r i t y ,  i f  i m p u r i t i e s  were
t h e  cause  o f  t h e  a d d i t i o n a l  LAM 1 and LAM 3 modes. As can be
seen f r o m  s e c t i o n  6 . 3 . 1  t h e  cadmium s t e a r a t e  sam p le  i s  98.35%
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pu re ,  so t h i s  h y p o th e s is  can be r e j e c t e d .  T h i s  le aves  
d i f f e r e n t  c r y s t a l  forms as th e  probab le  cause o f  th e  
a d d i t i o n a l  Raman LAM 1 and LAM 3 bands.
The f re q u e n c y  o f  th e  two LAM 1 modes a re  4 9 . 2  and 5 4 .0  
cm"1. The LAM 1 f r e q u e n c i e s  f o r  the  n -a lk a n e s  n -C 1 8H38 and n-  
CjgHyj a re  132 .2  and 66.1  cm" 1 r e s p e c t i v e l y  ( 6 ) .  The f a c t  t h a t  
th e  f requency  o f  th e  cadmium s t e a r a t e  LAM 1 mode i s  c lo s e  t o  
t h a t  f o r  n-C 3 6 Hj4 i n d i c a t e s  t h a t  th e  s t e a r a t e  ions  extend  
a lm ost  f u l l y  f rom th e  cadmium ion in  o p p o s i te  d i r e c t i o n s .  
Khoury e t  a l  ( 6 ) a ls o  observed t h a t  th e  LAM 1 f re q u e n c y  " 
observed f o r  n-C 3 gHj  ^ i s  6 6 . 1  cm" 1 f o r  th e  or thorho m b ic  form,  
and 6 8 . 8  cm" 1 in  th e  m o n o c l in ic  form, so t h a t  d i f f e r e n c e s  in  
LAM 1 modes o f  cadmium s t e a r a t e  a re  p o s s ib ly  due t o  d i f f e r e n t  
c r y s t a l  forms.
7 . 3  N u c le a r  m agnet ic  resonance
M o d e l l in g  o f  phenyl s t e a r i c  a c id  (see s e c t i o n  4 . 3 . 4 )  
showed t h a t  th e  r o t a t i o n  o f  th e  phenyl group abou t  t h e  CH3 
backbone is  r e s t r i c t e d  t o  an a rc  o f  maximum a n g u la r  
d isp la c em e n t  o f  «±30°. I f  th e  phenyl group were a t t a c h e d  on 
t o  th e  end carbon atom then t h i s  would be expected t o  g i v e  an ; 
u n r e s t r i c t e d  r o t a t i o n .  F ig u r e  7 .6  shows the  v a r i a t i o n  in  
c o n fo rm a t io n a l  energy w i t h  an g le  o f  r o t a t i o n  o f  t h e  phenyl  
group f o r  1 -pheny l  heptane ,  model led using Moly * 8 6  (see  
s e c t i o n  4 . 3  f o r  more d e t a i l s  o f  th e  model) w i th  t h e  heptane  
cha in  f u l l y  ex ten d e d .  Using th e  same c r i t e r i o n  as was a p p l i e d  
t o  phenyl s t e a r i c  a c id  in  s e c t io n  4 . 3 . 4 ,  t h e r e  i s  a 99% 
p r o b a b i l i t y  o f  f i n d i n g  th e  phenyl group a t  an a n g le  <f> 
(d is p la c e d  from th e  0° p o s i t i o n )  o f  ±150°. Th is  would i n d i c a t e  










phenyl s t e a r i c  a c id .  I f  t h i s  is  th e  case i t  may be p o s s ib le  
to  observe th e  d i f f e r e n c e  using p ro ton  n u c le a r  magnetic  
re so nance .
F ig u r e  7 .6  The v a r i a t i o n  in  c o n fo rm a t io n a l  energy w i th  
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A ng le of Ro "ta. tion 
NMR s p e c t r a  were ta k en  on a Bruker  in s t ru m e n t  runn ing  a t  j 
250MHz. F ig u re s  7 .7  and 7 . 8  show th e  p ro to n  NMR s p e c t r a  o f  1-  
phenyl heptane and phenyl s t e a r i c  a c id  r e s p e c t i v e l y ,  in  th e  
r e g io n  o f  th e  phenyl hydrogen i n t e r a c t i o n .  T a b le  7 . 3  shows 
th e  t o t a l  bandw id ths o f  each wing o f  t h e  phenyl hydrogen  
i n t e r a c t i o n  ( n o t  i n d i v i d u a l  peaks)  c e n t r e d  a t  7 .1 5  and 7 .2 7  
ppm, and a ls o  th e  t o t a l  bandwidth o f  t h e  phenyl r e g io n .  As 
can be seen from t a b l e  7 .3  th e  t o t a l  bandwidth i s  l a r g e r  f o r  
phenyl s t e a r i c  a c id  than  f o r  1 -phenyl  h e p ta n e .  The 
i n t e r a c t i o n  c e n t r e d  on 7 .2 7  ppm has a p p r o x im a te ly  t h e  same
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bandwidth f o r  both phenyl s t e a r i c  a c id  and 1 -ph e n y l  heptane,  
but th e  band c e n t r e d  on 7 .1 5  ppm is  much broader  f o r  phenyl  
s t e a r i c  a c id  than  f o r  1 -p h e n y l  heptane ,  w i th  i n d i v i d u a l  
components in  th e  phenyl s t e a r i c  a c id  spectrum b roader  as 
w e l l .  Th is  cou ld  be ev id e n c e  t o  show th e  more r e s t r i c t e d  
phenyl r o t a t i o n  in  phenyl s t e a r i c  a c id  than in  1 -pheny l  
heptane,  but i t  could  a ls o  be caused by th e  d i f f e r e n t  number 
o f  isomers p r e s e n t  in  phenyl s t e a r i c  a c id .
T a b le  7 .3  NMR bandw id ths o f  th e  phenyl hydrogen
i n t e r a c t i o n  f o r  phenyl s t e a r i c  a c id  and 1 -  
phenyl hep tane .
T o ta l  
bandwi d th  
/ppm
Bandwidth o f  
the  7 .1 5  ppm 
peak /ppm
Bandwidth o f  
th e  7 .2 7  ppm 
peak /ppm
1 -phenyl  
heptane
1 . 8 8 0 .8 0 0 . 8 0
Phenyl 
s t e a r i c  a c id
2 .2 8 0 .8 4 1 . 1 2
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F ig u r e  7 .7 NMR spectrum o f  1-phenyl  heptane in  th e  
re g io n  o f  th e  phenyl hydrogen i n t e r a c t i o n .
^13  2
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F ig u r e  7 .8 NMR spectrum o f  phenyl s t e a r i c  a c id  in  the
re g io n  o f  th e  phenyl hydrogen i n t e r a c t i o n .
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7 . 4  X - r a v  c r y s t a l l o g r a p h y
The D . S . C . ,  i n f r a r e d  and low freq uency  Raman d a ta  
g athered  f o r  cadmium s t e a r a t e  p o in t  t o  the  f a c t  t h a t  t h e r e  
a re  two c r y s t a l  forms p r e s e n t .  The i n f r a r e d  r e s u l t s  (see  
s e c t i o n  6 . 3 . 2 )  in  the  CH2 ro c k in g  re g io n  o f  th e  spectrum o f
cadmium s t e a r a t e  show t h a t  t h e r e  is  an o r thorho m b ic  phase
p r e s e n t  a long w i t h  a n o th e r ,  p o s s ib ly  m o n o c l in ic ,  phase.
Tab le  7 . 4  shows th e  X - r a y  d i f f r a c t i o n  peaks p r e s e n t  in  
cadmium s t e a r a t e .  The d a ta  was o b ta in e d  using a P h i l l i p s
g e n e r a to r  w i th  a Cu KQ f i n e  focus tube  and using a p i n h o l e -
c o l l i m a t e d  Worhus camera. The sample was a powder h e ld  in  a 
0.5mm Lindemann tube .
T a b le  7 . 4  X - r a y  d i f f r a c t i o n  p a t t e r n  o f  cadmium
s t e a r a t e ,  w i t h  the  assignments based on an 
or thorhom bic  s t r u c t u r e .
PI ane 
spaci  ng 
/A
Possi b le  
a ss i  gnments
n
4 8 .6 0 0 0 1 1
2 4 .3 0 0 0 1 2
1 6 .20 0 0 1 3
12.15 0 0 1 4
9 .7 2 0 0 1 5
8 . 1 0 0 0 1 6
7 .3 6 0 1 0 1
7 .2 8 0 1 1 1
6 .9 4 0 0 1 7
6 .0 8 0 0 1 8
5 .4 0 0 0 1 9
5 .0 6 1 0 0 1
4 .4 5 7 7
4 .1 8 1 1 0 1
3.91 7 7
3 .6 8 0 2 0 1
1 .87 7 7
The p a t t e r n  was ass igned assuming an o r th o rh o m b ic  u n i t  
c e l l  using an in dex ing  program c a l l e d  INDEXING d e v e lo p ed  by
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W. Paszkowicz ( 7 ) .  T h is  gave orthorhombic  u n i t  c e l l  
dimensions o f  a0 =5.O5A, b0 = 7 .36A and c0=48 .6A .  As can be seen 
from t a b l e  7 . 4 ,  th e  h ig h e r  o rd e rs  o f  th e  001 r e f l e c t i o n  
extend i n t o  th e  wide ang le  re g io n  o f  th e  d i f f r a c t i o n  p a t t e r n ,  
making i n t e r p r e t a t i o n  v e ry  d i f f i c u l t .  Tab le  7 . 4  a ls o  shows 
s e v e r a l  d i f f r a c t i o n  l i n e s  in  th e  reg ion  o f  *4A. The two l i n e s  
a t  4 .1 8  and 3 .68A  a re  c o n s i s t e n t  w i th  an o r thorhom bic  c r y s t a l  
l a t t i c e  ( 8 ) which g ive s  s t ro n g  r e f l e c t i o n s  from th e  { 1 1 0 } and 
{020}  p lan es .  The a d d i t i o n a l  l i n e s  a t  4 .4 5  and 3 . 9 1 A have two 
p o s s ib le  o r i g i n s ,  t r i c l i n i c  o r  m o n o c l in ic  c r y s t a l  l a t t i c e s .  
T u rn er -J one s  ( 9 )  observed X - r a y  d i f f r a c t i o n  l i n e s  a t  4 .5 5  and 
3.80A in  the  t r i e ! i n i c  c r y s t a l l i n e  forms o f  v a r i o u s  n-  
p a r a f f i n s  and p o ly e t h y l e n e .  These l i n e s  were indexed t o  the  
{010}  and {100}  p lanes  r e s p e c t i v e l y .  Seto e t  a l  ( 1 0 )  used X-  
ray d i f f r a c t i o n  t o  observe the  phase t r a n s i t i o n  and 
d e fo rm a t io n  process in  o r i e n t e d  p o ly e t h y l e n e .  The phase 
t r a n s i t i o n  was from or thorhom bic  t o  m o n o c l in ic  and was 
ach ieved  by s t r a i n i n g  th e  p o ly e th y le n e  sample.  W i th o u t  th e  
sample being s t r a i n e d  th e  { 1 1 0 } and { 0 2 0 } o f  th e  o r th o rh o m b ic  
l a t t i c e  can be c l e a r l y  seen in  the  d i f f r a c t i o n  p a t t e r n .  When 
th e  sample i s  s t r a i n e d  two a d d i t i o n a l  d i f f r a c t i o n  l i n e s  
appear a t  4 .5 5  and 3 .8 5 A ,  which have been assigned by Seto t o  
m o n o c l in ic  { 0 0 1 } and { 2 0 0 } p lanes  r e s p e c t i v e l y .
Von Sydow (1 1 )  i n v e s t i g a t e d  th e  X - r a y  d i f f r a c t i o n  
p a t t e r n s  o f  v a r io u s  n - f a t t y  a c id s .  These showed 7 p o s s ib le  
c r y s t a l  s t r u c t u r e s  depending on the  cha in  le n g th  and odd/even  
carbon number e f f e c t s .  None g ives  a p a r t i c u l a r l y  c lo s e  match 
to  cadmium s t e a r a t e ,  bu t  th e  |3-form o f  s t e a r i c  a c i d ,  which  
has a m o n o c l in ic  u n i t  c e l l  w i t h  orthorhom bic  sub c e l l  has two
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l i n e s  in  th e  p a t t e r n  a t  4 . 2  and 3 .8 A 1 which could  be 
e q u i v a l e n t  to  th e  4 .4 5  and 3.91A r e f l e c t i o n s  in  cadmium 
s t e a r a t e .
Goto and Asada ( 1 2 )  found t h a t  th e  |3-form o f  s t e a r i c  
a c id  does not  adopt an a l l  t r a n s  c o n fo rm a t io n .  The bond 
between carbon atom 2 and carbon atom 3 i s  in  t h e  gauche 
c o n fo rm a t io n ,  which would account  f o r  th e  d i f f e r e n t  LAM 1 
modes in  th e  low f r e q u e n c y  Raman spectrum o f  cadmium 
s t e a r a t e ,  i f  th e  a d d i t i o n a l  c r y s t a l l i n e  phase was s i m i l a r  t o  
th e  m o n o c l in ic  (3-form o f  s t e a r i c  a c id .
So th e  a d d i t i o n a l  peaks in  th e  d i f f r a c t i o n  p a t t e r n  o f  
cadmium s t e a r a t e  a re  p ro b a b ly  due to  a m o n o c l in ic  c r y s t a l l i n e  
phase, a l though  th e  presence o f  a t r i c l i n i c  c r y s t a l l i n e  phase 
cannot be ru le d  o u t .
The e x a c t  p o s i t i o n  o f  th e s e  l i n e s  i s  unknown, and had 
t o  be determ ined  from a d i f f r a c t i o n  p a t t e r n  in  
r e fe r e n c e  1 0 .
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8  D iscuss ions  and C onc lus ions
8 . 1  Problems w i t h  i n t e r p r e t a t i o n
One o f  th e  major  problems w i th  th e  te c h n iq u e  o f  i n f r a r e d  
spectroscopy when used t o  d e te rm ine  q u a n t i t a t i v e  r e s u l t s ,  i s  
t h a t  o f  d e te rm in in g  th e  b a s e l in e  and th e  number o f  bands in  
a m u l t i p l e t .  The i n t e r p r e t a t i o n  o f  these  f a c t o r s  can g iv e  
r i s e  to  d i f f e r e n t  r e s u l t s ,  depending on how th e  d a ta  i s  
i n t e r p r e t e d .
The method chosen here  t o  ana ly s e  th e  spectrum o f  LiPS 
was t o  a t te m p t  to  f i t  a background and methyl peak ( t h e  band 
a t  1377 cm’ 1) t o  th e  o r i g i n a l  spectrum using the  Mat tson  peak 
g e n e r a t io n  program. F ig u r e  8 .1  shows th e  spectrum o f  LiPS a t  
25°C as w e l l  as th e  f i t t e d  spectrum. Two peaks were r e q u i r e d  
f o r  a reasonab le  f i t  in  th e  reg ion  1380 to  1370 cm"1. The 
f i t t e d  spectrum was then  s u b t r a c te d  th e  o r i g i n a l
spectrum, and th e  r e s u l t a n t  spectrum had i t s  b a s e l i n e  
c o r r e c t e d  to  g iv e  a ze ro  i n t e n s i t y  b a s e l in e .  F ig u re  8 . 2  shows 
th e  s u b t r a c te d  spectrum o f  LiPS a t  25°C w i th  t h e  b a s e l i n e  
c o r r e c t e d  and a ls o  a s y n t h e t i c a l l y  genera ted  methyl band ( a t  
1377 cm"1) ,  which was used as p a r t  o f  th e  s u b t r a c t i o n
p rocedure .  The i n t e g r a t e d  i n t e n s i t i e s  thus de te rm ined  by t h i s  
method were then used t o  d e te rm in e  numbers o f  d e f e c t s .
The problems w i th  t h i s  method a re  two f o l d :  Has th e
c o r r e c t  b a s e l in e  been a p p l i e d ,  and were th e  numbers o f  peaks  
f i t t e d  i n t o  the  e x p e r im e n ta l  spectrum c o r r e c t ?  The answer t o  
th e  above qu es t io n s  is  u n c e r t a i n ,  as th e  b a s e l in e  depends on 
th e  p o in ts  in  th e  e x p e r im e n ta l  d a ta  used f o r  i t s  
d e t e r m i n a t i o n .  As f o r  th e  number o f  peaks used, t h i s  a g a in  i s  
u n c e r t a i n ,  as a good f i t  does not  n e c e s s a r i l y  mean th e
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c o r r e c t  number o f  peaks have been used. So th e  r e s u l t s  
g a th e re d  from same spectrum could  be i n t e r p r e t e d  d i f f e r e n t l y  
by d i f f e r e n t  methods, but  as long as a c o n s is t e n t  method is  
used in  c a l c u l a t i n g  i n t e g r a t e d  i n t e n s i t i e s  then problems  
should  be k e p t  t o  a minimum.
Other  methods o f  i n t e r p r e t a t i o n  can be used: f o r  example 
Senak e t  a l  ( 1 )  used a peak f i t t i n g  a lg o r i t h m  to  de te rm in e  
th e  peak i n t e n s i t y  o f  bands in  th e  CH2 d e f e c t  wagging o f  th e  
spectrum, 1390 t o  1330 cm"1. By s u b t r a c t i n g  a s t r a i g h t  l i n e  
b a s e l in e  from 1390 to  1330 cm" 1 and then assuming o n ly  4 peaks 
were p re s e n t  in  t h i s  p o r t i o n  o f  th e  spectrum, th e  peak 
f i t t i n g  a lg o r i t h m  produced a v e ry  good f i t  t o  th e  
e x p e r im e n ta l  d a ta .
The r e s u l t i n g  d a ta ,  f o r  l i q u i d  n -a lk a n e s ,  showed th e  
number o f  gg d e f e c t s  in c re a s e d  w i th  te m p e ra tu re  in  l i n e  w i t h  
th e  r o t a t i o n a l  is o m e r ic  s t a t e  model, but  the  number o f  gtg  
d e f e c t s  decreased w i th  in c r e a s in g  te m p e ra tu r e ,  which i s  
c o n t r a r y  t o  th e  r o t a t i o n a l  is o m e r ic  s t a t e  model.  The 
d i f f e r e n c e  between the  RISM and th e  e x p e r im e n ta l  r e s u l t s  o f  
Senak could be e x p la in e d  by t h e  b a s e l in e  used, g i v i n g  l a r g e r  _ 
or  s m a l l e r  i n t e n s i t y  f o r  i n d i v i d u a l  bands than i s  in  f a c t  th e  
case .  A lso Senak assumes t h a t  t h e r e  a r e  on ly  f o u r  peaks  
p r e s e n t  in  t h i s  p o r t i o n  o f  th e  spectrum and t h a t  th e s e  peaks 
a re  s y m m e tr ic a l .  M a r o n c e l l i  e t  a l  ( 2 )  showed t h a t  i s  not  in  
f a c t  th e  case, w i t h  the  f re q u e n c y  o f  th e  g t g / g t g ’ d e f e c t  mode 
hav ing  a small dependence on th e  p o s i t i o n  o f  th e  d e f e c t  a long  
th e  c h a in ,  g i v i n g  r i s e  t o  asym m etr ica l  bands. So d i f f e r e n t  
methods chosen t o  i n t e r p r e t  d a ta  can g iv e  d i f f e r e n t  r e s u l t s ,  
so c a re  is  needed when a n a ly s in g  i n f r a r e d  and Raman d a ta .
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F ig u r e  8.1  The i n f r a r e d  spectrum o f  L i th iu m  Phenyl
S t e a r a t e  a t  room te m p e ra tu re  and th e  f i t t e d  
spectrum c o n t a in in g  th e  background and th e  
methyl v i b r a t i o n .
Original LIPS Spectrum
SyntheticbackDrourrer
1 3 0 0  1 3 8 0  1 3 7 0  1 3 6 0  1 3 B 0Wavenumbera
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F i g u r e  8 .2 The s u b t r a c t e d  spectrum o f  L i th iu m  Phenyl  
S t e a r a t e ,  w i t h  th e  b a s e l in e  c o r r e c t e d ,  and 
a ls o  th e  s y n t h e t i c  methyl band used in  th e  
s u b t r a c t i o n .
1.832
Synthetic methyl peak
L1P8 Spectrum after background subtraction and baaellne correction
0.381
Area 218
1380 1380 1370 1380Wavenumbera 1380
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8 . 2  L i th iu m  phenyl s t e a r a t e
The CH2 wagg ing r e g io n  o f  th e  i n f r a r e d  spectrum o f
l i t h i u m  phenyl s t e a r a t e  shows some i n t e r e s t i n g  v a r i a t i o n s  on 
what would be expected  f o r  a s t r a i g h t  cha in  hydrocarbon  
w i t h o u t  th e  a d d i t i o n a l  phenyl group. The a d d i t i o n a l  band 
p r e s e n t  a t  1363 cm" 1 (see  s e c t i o n  5 . 3 )  i s  one such case.  We 
assumed t h a t  th e  band cou ld  have one o f  f o u r  p o s s ib le  
o r i  gi n s : -
i )  The band r e s u l t s  f rom a cha in  c o n fo rm a t io n  t h a t  i s
s p e c i f i c a l l y  found in  th e  re v e r s e  hexagonal phase.
i i )  The band i s  due t o  a weak phenyl group v i b r a t i o n  which  
had not  been p r e v i o u s l y  a ss igned .
i i i )  The band i s  due t o  th e  phenyl group d e c o u p l in g  th e  
carbon backbone i n t o  e f f e c t i v e l y  two s h o r t e r  cha ins  
which could  g iv e  r i s e  t o  d i f f e r e n t  g t g / g t g ’ wagging 
f r e q u e n c i e s .
i v )  The phenyl groups p r e v e n ts  c e r t a i n  bonds a d o p t in g  t r u e  
r o t a t i o n a l  is o m e r ic  s t a t e  c o n fo rm a t io n s .
Having examined t h e  i n f r a r e d  spectrum o f  cadmium •
s t e a r a t e  in  th e  r e v e r s e  hexagonal phase ( s e c t i o n  6 . 3 ) ,  no 
band a t  1363 cm" 1 was foun d ,  so o p t io n  i )  can be e l i m i n a t e d  
as th e  source o f  t h i s  a d d i t i o n a l  band. S i m i l a r l y  t h e  i n f r a r e d  
spectrum o f  phenyl undecanoic a c id  ( s e c t i o n  6 . 2 ) shows no 
s ig n  o f  a band a t  1363 cm" 1 r u l i n g  ou t  o p t io n  i i ) .
The i n f r a r e d  spectrum o f  v a r io u s  n - f a t t y  a c i d s ,  n -  
p e n ta n o ic  a c id  t o  n -nonano ic  a c id  (s e e  s e c t i o n  6 . 3 )  were  
i n v e s t i g a t e d  t o  d e te rm in e  th e  e f f e c t  o f  cha in  le n g th  on 
f re q u e n c y .  The lo nge r  c h a in  n - f a t t y  a c id s  were no t
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i n v e s t i g a t e d ,  as these  have been shown by Zerb i  e t  a l  ( 3 )  to  
have g t g / g t g ’ d e f e c t  f r e q u e n c ie s  o f  a p p r o x im a te ly  1369 cm"1, 
w h i l e  on ly  n - f a t t y  a c id s  w i t h  s i x  o f  more carbon atoms a re  
expected  to  show any g t g / g t g ’ d e fe c ts  (see  s e c t i o n  4 . 1 . 2 ) .  
T h is  reduced th e  p o s s ib le  range o f  cha in  le n g th s  t h a t  can 
have an e f f e c t  on th e  f re q u e n c y  o f  th e  g t g / g t g ’ d e f e c t .  The 
r e s u l t s  show t h a t  a l tho ugh  th e  f req u e n c y  o f  th e  g t g / g t g ’ Cfy 
d e f e c t  v i b r a t i o n  a t  around 1369 cm" 1 may v ary  s l i g h t l y  w i th  
c h a in  le n g th ,  i t  never  becomes as low as 1363 cm"1. So o p t io n
i i i )  can be r e j e c t e d  as th e  p o s s ib le  source o f  t h e  band a t  
1363 cm'1.
The m o le c u la r  m o d e l l in g  o f  an i n d i v i d u a l  phenyl s t e a r i c  
a c id  molecule  us ing  Moly ’ 8 6  (see  s e c t i o n  4 . 3 . 3 ) ,  showed t h a t  
most o f  the  carb on-carb on  bonds in  th e  a l i p h a t i c  backbone a re  
u n a f f e c t e d  by th e  presence o f  the  phenyl group. T h ere  a r e ,  
however, two bonds on e i t h e r  s id e  o f  th e  phenyl group which 
a re  preven ted  from a d o p t in g  t r u e  r o t a t i o n a l  i s o m e r ic  s t a t e  
c o n fo rm a t io n s .  From th e  model th e  p r o b a b i l i t y  o f  th e s e  bonds 
ad o p t in g  a con fo rm a t io n  c o n t a in in g  gg o r  g ’ g ’ i s  much lower  
than  t h a t  f o r  an n - a lk a n e ,  but  the  p r o b a b i l i t y  o f  a gtg or  
g t g ’ c on fo rm at ion  is  more o r  le s s  unchanged.
I f  th e  r e s u l t s  from th e  Moly ’ 8 6  model a re  c o r r e c t  then
i t  should be p o s s ib le  t o  see t h e  d i f f e r e n c e  in  th e
e x p e r i m e n t a l l y  de term ined  number o f  d e f e c t s  f o r  LiPS by
comparison w i th  r o t a t i o n a l  is o m e r ic  s t a t e  model p r e d i c t i o n s
(see  s e c t io n  5 . 3 . 2 ) .  On re ac h ing  th e  phase t r a n s i t i o n  a t
*130°C, th e  number o f  gtg d e f e c t s  o b ta in e d  e x p e r i m e n t a l l y  f o r  
asLiPS is  the  same would be expected  f o r  an i s o t r o p i c  n -a lk a n e  
o f  e q u i v a l e n t  cha in  l e n g t h .  The number o f  gg d e f e c t s ,
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however,  i s  lower  than expected  f o r  an i s o t r o p i c  n -a lk a n e  o f  
e q u i v a l e n t  l e n g t h ,  and t h i s  tends t o  i n d i c a t e  t h a t  some o f  
th e  bonds a re  p r o h i b i t e d  f rom , or  have a lower p r o b a b i l i t y  o f  
a d o p t in g ,  a gg o r  g ’ g ’ d e f e c t .
The c o n c lu s io n  t h a t  can be drawn from t h i s  i s  t h a t  th e  
a d d i t i o n a l  band a t  1363 cm' 1 p re s e n t  in  th e  i n f r a r e d  spectrum  
o f  LiPS is  most l i k e l y  caused by th e  i n a b i l i t y  o f  bonds near  
the  phenyl group to  adopt a t r u e  r o t a t i o n a l  is o m e r ic  s t a t e  
c o n fo rm a t io n .  For c r y s t a l l i n e  p o ly e t h y l e n e ,  t h e r e  is  ev id e n c e  
f o r  s i m i l a r  b e h a v io u r .  S p e l l s  e t  a l  ( 4 )  assigned a band a t  
1346 cm" 1 t o  a t i g h t  f o l d  and Ungar a t  a l  ( 5 )  showed t h i s  
t i g h t  f o l d  was a t i g h t  {1 10 }  f o l d .  The d e f e c t s  in  th e  f o l d  
can be approxim ated to  a g tg g g ’ g ’ d e f e c t .  D i s t o r t i o n  away 
from t r u e  gg and g ’ g ’ d e f e c t s  accounts f o r  th e  s h i f t  from  
1352 cm- 1 t o  1346 cm" 1 (a  s i m i l a r  amount t o  th e  s h i f t  observed  
in  LiPS from 1369 cm" 1 t o  1363 cm"1) .  S i m i l a r l y ,  f o r  LiPS, i t  
appears from th e  d is c u s s io n  above t h a t  th e  bonds near  th e  
phenyl group a re  pre v en ted  from adop t ing  gg or  g ’ g ’ d e f e c t s .
8 . 2 . 1  C y l i n d e r  dimensions
The double  h e l i x  model proposed in  s e c t i o n  4 . 2 . 1  gave 
the  r a d iu s  o f  th e  i o n i c  co re  o f  LiPS as between 5 . 6  and 7.1  A. 
When th e  average  cha in  le n g t h  o f  th e  a l i p h a t i c  p o r t i o n  o f  t h e  
LiPS m olecu le  i s  c a l c u l a t e d ,  t h i s  g iv e s  an o v e r a l l  c y l i n d e r  
d ia m e te r  o f  3 3 .9  t o  3 6 . 8A a t  25°C, 3 0 .8  t o  3 3 . 8 A a t  123°C and
3 0 .2  t o  3 3 . 2A a t  135°C (see  T a b le  5 . 2 ) .  The hexagonal l a t t i c e  
p a ra m e te r ,  a, de term ined by H a r r is o n  e t  a l  ( 6 ) ,  3 5 .9A  a t
25°C, 36. 1A a t  123°C and 3 1 . 4A a t  135°C.
The dimensions e s t im a te d  from i n f r a r e d  s p e c t ro s c o p y  and 
X - r a y  d i f f r a c t i o n  a t  room te m p e ra tu re  g iv e  v e r y  good
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agreement, g i v i n g  c o n f id e n c e  in  the  model used t o  c a l c u l a t e  
the  io n ic  core r a d iu s  RQ. As th e  te m p e ra tu re  i s  in c re a s e d  to  
123°C the  c y l i n d e r  d ia m e te r  decreases t o  between 3 0 .8  and 
3 3 . 8 A, w h i le  t h e  c y l i n d e r  c e n t r e - t o - c e n t r e  d i s t a n c e ,  
determined by X - r a y  d i f f r a c t i o n ,  remains a p p r o x im a te ly  
c o n s ta n t  a t  3 6 . 1A. As th e  phase t r a n s i t i o n s  b e g in s ,  th e  
hexagonal l a t t i c e  p a ra m e te r ,  a, changes t o  3 1 . 4A w h i l e  th e  
c y l i n d e r  d ia m e te r  l i e s  in  th e  range 3 0 .2  to  3 3 . 2A. Hence, a t  
th e  phase t r a n s i t i o n  a changes a b r u p t l y  from t h e  c y l i n d e r  
d ia m e te r  a£ 25°C t o  th e  c y l i n d e r  d iam e te r  a t  135°C. i e .  th e  
hexagonal l a t t i c e  pa ra m e te r  c h a r a c t e r i s e s  th e  phase, whereas  
the  c y l i n d e r  d ia m e te r  de term ined  by i n f r a r e d  s p e c tro sc o p y  
changes c o n t in u o u s ly .
Another c u r io u s  f a c t  i s  t h a t  th e  a l i p h a t i c  p o r t i o n  o f  
Li PS becomes " i s o t r o p i c ” a t  th e  te m p e ra tu re  where t h e  phase 
t r a n s i t i o n  be g in s .  I s  seems u n l i k e l y  t h a t  th e s e  two ev en ts  
are  c o i n c i d e n t a l ,  but  th e  mechanism l i n k i n g  t h e  two is  
u n c e r t a in  and i s  a f i e l d  f o r  f u r t h e r  i n v e s t i g a t i o n .  There  i s  
the  p o s s i b i l i t y  t h a t  th e  "m e l t in g "  o f  th e  a l i p h a t i c  cha in  
a l lo w s  the  i o n i c  core  more r o t a t i o n a l  and t r a n s l a t i o n a l  
freedom, thus a l l o w i n g  th e  core  to  r e a r r a n g e .  I t  i s  known 
t h a t  th e  a l i p h a t i c  p o r t i o n  o f  Li PS, even a f t e r  " m e l t i n g "  must 
s t i l l  have an i n f l u e n c e  on th e  phase and phase t r a n s i t i o n  
t e m p e r a tu r e s , as 1 i th iurn  s t e a r a t e  becomes an i s o t r o p i c  l i q u i d  
a t  219°C ( 7 ) ,  w h i l e  Li PS does not  become an i s o t r o p i c  l i q u i d  
u n t i l  370°C ( 6 ) .
8 . 2 . 2  Phenyl r o t a t i o n
The m o le c u la r  m o d e l l in g  r e s u l t s  from s e c t i o n  4 . 3 . 4  show 
t h a t  th e  phenyl group is  r e s t r i c t e d  to  a maximum a n g le  o f
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o s c i l l a t i o n  o f  60°. A comparison o f  th e  NMR s p e c t r a  o f  phenyl  
s t e a r i c  ac id  and 1-p h e n y l  heptane (see  s e c t io n  7 . 4 ) ,  r e v e a ls  
a sm al l  in c re a s e  in  th e  o v e r a l l  bandwidth o f  t h e  phenyl  
hydrogen r o t a t i o n s  ( t h e  phenyl group o f  1 -ph e n y l  heptane is  
e xpected  to  be a b le  to  go through a complete  r o t a t i o n ) ,  but  
i n d i v i d u a l  bands do show an in c re a s e  in  th e  bandwidth from 1 -  
phenyl heptane t o  phenyl s t e a r i c  a c id ,  but  t h i s  cou ld  be due 
t o  t h e  number o f  isomers p r e s e n t  in  phenyl s t e a r i c  a c i d .  So 
th e  ev idence f o r  r e s t r i c t e d  r o t a t i o n  comes o n ly  from  
m o d e l l in g  and th e  l i t e r a t u r e  ( 8 ) ,  a l tho ugh  th e  i n f r a r e d  
r e s u l t s  f o r  Li PS (see  s e c t i o n  5 . 3 . 2 )  do seem to  c o n f i rm  th e  
m o d e l l in g  d a ta .
8 . 3  Cadmium s t e a r a t e
8 . 3 . 1  C r y s t a l  S t r u c t u r e
The i n f r a r e d ,  Raman, DSC and X - r a y  d a ta  a l l  show t h a t  
t h e r e  a re  two c r y s t a l  forms p re s e n t  in  th e  cadmium s t e a r a t e  
sample used. The 720 cm" 1 CH2 ro c k in g  v i b r a t i o n  in  th e  
i n f r a r e d  spectrum o f  c r y s t a l l i n e  cadmium s t e a r a t e  shows t h a t  
th e  band s p l i t s  i n t o  s e v e r a l  components as a r e s u l t  o f  
c r y s t a l l i n e  i n t e r a c t i o n s  (s e e  s e c t io n  6 . 3 . 2 ) .  The band a t  730 
cm’ 1 i s  u s u a l l y  a s s o c ia te d  w i t h  an o r thorho m b ic  c r y s t a l  
l a t t i c e  ( 9 ) ,  w h i l e  th e  bands a t  711 and 703 cm" 1 show t h a t  
t h e r e  could be a d d i t i o n a l  c r y s t a l  forms p r e s e n t  ( p o s s i b l y  
m o n o c l in ic ,  see s e c t i o n  7 . 4 ) .
The low f req u e n c y  Raman spectrum o f  cadmium s t e a r a t e  
(see  s e c t io n  7 . 2 . 2 )  shows t h e r e  a re  two LAM 1 modes, which  
cou ld  be e i t h e r  due to  i m p u r i t i e s  o r  two c r y s t a l  fo rm s .  The 
p u r i t y  o f  th e  sample used was found t o  be 98 .3% , so t h e  
p o s s i b i l i t y  o f  i m p u r i t i e s  can be ig n o re d .  The a d d i t i o n a l  band
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i s  c o n s is t e n t  w i t h  the  r e s u l t s  o f  Khoury e t  a l  ( 1 0 )  who 
observed s l i g h t l y  d i f f e r e n t  f r e q u e n c ie s  f o r  th e  or thorhom bic  
and th e  m o n o c l in ic  forms o f  n-C 3gHj4. For n-C 3 gHj4 th e  f requency  
o f  th e  LAM 1 band f o r  th e  or thorhom bic  form is  66 .1  cm’ 1 and 
f o r  th e  m o n o c l in ic  form is  6 8 . 8  cm’ 1, a l tho ugh  t h i s  does not  
c o n f i rm  c o n c l u s i v e l y  th e  a d d i t i o n a l  c r y s t a l  s t r u c t u r e  in  
cadmium s t e a r a t e  i s  m o n o c l in ic .  Also th e  f req uency  o f  th e  two 
LAM 1 modes a re  4 9 .2  and 5 4 .0  cm’ 1, and th e  LAM 1 f re q u e n c y  
f o r  th e  n -a lk a n e s  n-C 1 8H3g and n-C 3gHj4 a re  132.2  and 66.1  cm’ 1 
r e s p e c t i v e l y  ( 1 0 ) .  The f a c t  t h a t  th e  f req u e n c y  o f  t h e  cadmium 
s t e a r a t e  LAM 1 mode is  c lo s e  to  t h a t  f o r  n-C 3gH74 i n d i c a t e s  
t h a t  th e  s t e a r a t e  ions ex tend  a lmost  f u l l y  from t h e  cadmium 
ion in  o p p o s i te  d i r e c t i o n s .
The X - r a y  d i f f r a c t i o n  p a t t e r n  o f  cadmium s t e a r a t e  showed 
a s e r i e s  o f  d i f f r a c t i o n  l i n e s  in  th e  re g io n  o f  «4A. The two 
l i n e s  a t  4 .1 8  and 3.68A a re  c o n s is t e n t  w i t h  an or thorho m b ic  
c r y s t a l  l a t t i c e  ( 1 1 ) .  The a d d i t i o n a l  l i n e s  a t  4 .4 5  and 3 .91A  
have two p o s s ib le  o r i g i n s ,  t r i c l i n i c  o r  m o n o c l in ic  c r y s t a l  
l a t t i c e s .  Turner— Jones ( 1 2 )  observed X - r a y  d i f f r a c t i o n  l i n e s  
a t  4 .5 5  and 3 .80A  in  th e  t r i e ! i n i c  c r y s t a l l i n e  forms o f  
v a r io u s  n - p a r a f f i n s  and p o ly e t h y l e n e .  These l i n e  were indexed  
t o  th e  {010}  and {100}  p lan es  r e s p e c t i v e l y .  Seto e t  a l  (1 3 )  
used X - ra y  d i f f r a c t i o n  t o  observe t h e  o r th o rh o m b ic  and 
m o n o c l in ic  phases in  s t r a i n e d  p o ly e t h y l e n e .  The 110 and 020 
peaks o f  the  or thorho m b ic  l a t t i c e  can be c l e a r l y  seen in  th e  
d i f f r a c t i o n  p a t t e r n .  There  a re  a l s o  two a d d i t i o n a l  
d i f f r a c t i o n  l i n e s  a t  4 .5 5  and 3 .85A ,  which have been ass igned  
by Seto  to  m o n o c l in ic  {001}  and {200}  p lan es  r e s p e c t i v e l y .
The f a c t  t h a t  the  m o n o c l in ic  and t r i e ! i n i c  p o l y e t h y l e n e
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samples have d i f f r a c t i o n  l i n e s  t h a t  a re  c lo s e  t o  each o t h e r  
makes the  p r e d i c t i o n  o f  c r y s t a l  l a t t i c e  v e ry  d i f f i c u l t .  The 
long spac ing o f  th e  o r th o rh o m b ic  and the  o t h e r  c r y s t a l l i n e  
form p re s e n t  in  cadmium s t e a r a t e  are  so c lo s e  t h a t  th e y  a re  
i n d i s t i n g u i s h a b l e  ( i e .  o n ly  one long spacing is  observed in  
th e  X - r a y  p a t t e r n ) ,  which would tend to  fa v o u r  th e  assignment  
o f  a m o n o c l in ic  l a t t i c e  t o  th e  o th e r  phase p r e s e n t  in  th e  
cadmium s t e a r a t e  sample.
Goto e t  a l  (1 4 )  found t h a t  the  m o n o c l in ic  3 - fo r m  o f  
s t e a r i c  a c id  has a gauche confo rm at ion  a t  the  bond between  
carbon atom 2 and carbon atom 3. Khoury e t  a l  ( 1 0 )  found t h a t  
th e  d i f f e r e n c e  in  f re q u e n c y  o f  the  LAM 1 modes o f  n—C36H74 in  
th e  o r thorhom bic  phase and in  th e  m o n o c l in ic  phase w i t h  1 
gauche con fo rm a t io n  p r e s e n t  i s  2 .7  cm-1. The d i f f e r e n c e  in  th e  
f req u e n c y  o f  th e  LAM 1 modes p re s e n t  in  th e  Raman spectrum o f  
cadmium s t e a r a t e  is  4 . 8  cm"^, so i f  th e  a d d i t i o n a l  phase 
p r e s e n t  in  cadmium s t e a r a t e  i s  s i m i l a r  to  th e  3 - fo r m  o f  
s t e a r i c  a c id ,  then  t h e r e  w i l l  be two gauche d e f e c t s  p r e s e n t  
in  each m o le c u le .  So i f  one gauche s h i f t s  th e  f r e q u e n c y  o f  an 
n -a lk a n e  by 2 .7  cm-1 then i t  would be expected  t h a t  two gauche 
would a p p ro x im a te ly  double  t h i s  v a lu e ,  which i s  c o n s i s t e n t  
w i th  what happens w i th  cadmium s t e a r a t e .  With  th e  X - r a y  d a ta  
and th e  Raman d a ta  t a k e n  i n t o  account the  most l i k e l y  
s t r u c t u r e  o f  t h e  o t h e r  c r y s t a l l i n e  phase p re s e n t  in  cadmium 
s t e a r a t e  is  m o n o c l in ic ,  b u t  t h i s  i s  by no means c e r t a i n .
8 . 3 . 2  Hexagonal phase
The number o f  gtg  and gg d e f e c t s  p r e s e n t  in  th e  
hexagonal phase o f  cadmium s t e a r a t e  a t  120°C ( w i t h i n  
e x p e r im e n ta l  e r r o r ) ,  was determ ined  t o  be th e  same as v a lu e s
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determ ined from an i s o t r o p i c  chain  o f  e q u i v a l e n t  c h a in  le n g th  
a t  120°C, c a l c u l a t e d  from th e  r o t a t i o n a l  is o m e r ic  s t a t e  
m odel . The number o f  d e f e c t s  p re s e n t  corresponds to  an 
average cha in  e x te n s io n  o f  9 .5A .  With  core r a d i u s ,  as 
determined in  s e c t i o n  4 . 2 . 1 ,  o f  4 . 9  t o  6 .32A ,  t h e  t o t a l  
c y l i n d e r  dimension o f  cadmium s t e a r a t e  i s  between 2 8 . 8A and 
3 1 . 7A. Spegt ( 1 4 )  d e te rm ined  th e  hexagonal  l a t t i c e  param eter  
o f  cadmium s t e a r a t e  t o  be 3 6 . 9A. Th is  appears to  le a v e  a gap 
o f  about 5A between a d ja c e n t  c y l i n d e r s .
The p r o b a b i l i t y  o f  th e  cha in  e x te n d in g  beyond th e  
average  cha in  e x te n s io n  o f  9. 5A is  0 .4 0  and the  p r o b a b i l i t y  
o f  t h e  chain  e x te n d in g  o u t  t o  come i n t o  c o n t a c t  w i t h  th e  
neig hbo ur ing  c y l i n d e r  ( a  d is ta n c e  o f  12 .13A)  is  0 . 2 2 .  T h is  
shows t h a t  a s i g n i f i c a n t  p r o p o r t io n  o f  c h a in s  from  
ne ighbour ing  c y l i n d e r s  a r e  in  c o n t a c t ,  bu t  u n l i k e  Li PS th e  
average dimensions o f  t h e  c y l i n d e r s  a re  no t  in  c o n t a c t .  T h is  
leads  to  the  p o s s i b i l i t y  t h a t  th e  model f o r  c a l c u l a t i n g  th e  
core  ra d iu s  o f  th e  d i v a l e n t  metal soaps is  wrong. The 
assumption t h a t  th e  s t e a r a t e  ions a t ta c h e d  t o  th e  cadmium ion  
behave l i k e  two independent  monovalent soap m o le c u les  i s  
pro b ab ly  i n c o r r e c t ,  but  t h e  work would have to  be ex ten ded  t o  
o t h e r  d i v a l e n t  metal soap systems which form r e v e r s e  
hexagonal phases, such as ca lc ium  s t e a r a t e ,  t o  c o r r e c t  t h e  
model. Th is  can be ach ie v e d  by d e te r m in in g  th e  maximum c h a in  
e x te n s io n  o f  th e  a l i p h a t i c  p o r t i o n  o f  th e  m o le c u le  us ing  
i n f r a r e d  spe c tro sc op y .  The l a t t i c e  p a ra m e te r ,  a, and number 
o f  ions per u n i t  l e n g th ,  n, f o r  cadmium and c a lc iu m  s t e a r a t e  
have a l r e a d y  been de te rm ined  by Spegt and S k o u l io s  ( 1 4 , 1 5 ) .  
By s u b t r a c t i n g  th e  l a t t i c e  parameter  from th e  maximum c h a in
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e x te n s io n  th e  i o n i c  core  r a d iu s  can be found,  thus allowi*-the 
c o r r e c t i o n  o f  th e  model in  s e c t i o n  4 . 2 . 1  f o r  d i v a l e n t  metal  
s oa ps .
8 . 4  Conc lus ions
The i n f r a r e d  r e s u l t s  f o r  l i t h i u m  phenyl s t e a r a t e  show 
t h a t  th e  a l i p h a t i c  p o r t i o n  o f  th e  soap m olecule  i s  much more 
o rde re d  a t  room te m p e ra tu re  than  had been thou ght  ( 6 ) ,  having  
o n ly  0 .6 2  and 0 .6 0  gtg and gg d e f e c t s  per  m olecu le  
r e s p e c t i v e l y  when an i s o t r o p i c  cha in  would have 1 .3 5  and 1.21  
gtg and gg d e f e c t s  per  c h a in  r e s p e c t i v e l y .  As th e  te m p e ra tu r e  
i s  in c re a s e d  th e  number o f  c o n fo rm a t io n a l  d e fe c t s  in c r e a s e s  
c o n t in u o u s ly ,  u n t i l  a t  123°C th e  cha in  reaches an i s o t r o p i c  
d i s o r d e r .  A t  t h i s  p o i n t  th e  phase t r a n s i t i o n  b e g in s ,  so th e  
c h a in  has t o  reach l i q u i d  l i k e  d i s o r d e r  b e fo re  t h e  phase 
t r a n s i t i o n  b e g i n s ^ w h e t h e r  these  two even ts  a r e  j u s t  
c o i n c i d e n t a l  i s  not  c e r t a i n .
The m o d e l l in g  o f  th e  phenyl s t e a r i c  a c id  showed both 
t h a t  th e  phenyl group was r e s t r i c t e d  t o  c e r t a i n  a n g le s  o f  
r o t a t i o n ,  and t h a t  bonds c lo s e  to  th e  phenyl group were  
pre v en ted  from a t t a i n i n g  t r u e  r o t a t i o n a l  is o m e r ic  s t a t e  
c o n fo rm a t io n s .  T h is  showed t h a t  th e  gtg d e f e c t  was d i s t o r t e d  
s l i g h t l y  from i t s  usual a n g u la r  p o s i t i o n s  and th e  gg d e f e c t  
had a much reduced p r o b a b i l i t y  o f  o c c u r r in g  near  t h e  phenyl  
group. The i n f r a r e d  spectrum showed an a d d i t i o n a l  band a t  
1363 cm’ 1 which has been assigned t o  a d i s t o r t e d  g t g / g t g ’ 
d e f e c t .  The number o f  gg d e f e c t s  p r e s e n t  a t  t h e  phase 
t r a n s i t i o n  was o n ly  75% o f  those  expected  f o r  an i s o t r o p i c  n -  
a lk a n e  o f  e q u i v a l e n t  c h a in  le n g th  and a t  t h e  same 
te m p e r a tu r e .  T h i s  would tend  to  c o n f i rm  th e  f a c t  t h a t  th e
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f o u r  bonds n e a r e s t  t o  t h e  phenyl group have a reduced  
p r o b a b i l i t y  o f  fo rm in g  a gg d e f e c t .
The m o d e l l in g  o f  th e  i o n i c  core o f  LiPS appears t o  g ive  
a reas on ab le  e s t im a t e  o f  th e  core r a d iu s .  When t h i s  i s  used 
to  c a l c u l a t e  th e  dimensions o f  the  LiPS l a t t i c e ,  a t  room 
te m p e r a tu r e ,  a long w i th  t h e  average cha in  e x t e n s io n ,  i t  g ives  
a v a lu e  f o r  th e  hexagonal c y l i n d e r  d ia m e te r  o f  between 3 3 .9  
to  3 6 . 8A. When t h i s  i s  compared w i th  th e  hexagonal l a t t i c e  
param eter  de te rm ined  by X - r a y  d i f f r a c t i o n ,  which has a v a lu e  
3 5 . 9A, th e  r e s u l t s  f a l l  w i t h i n  the  e r r o r  range. A lso  a f t e r  
th e  LiPS sample has gone through th e  phase t r a n s i t i o n  
beg inn ing  a t  *130°C, th e  hexagonal l a t t i c e  param eter  i s  3 1 . 4A 
and th e  c y l i n d e r  d ia m e te r  determined from i n f r a r e d  d a ta  l i e s  
between 3 0 .2  and 3 3 . 2A.
Cadmium s t e a r a t e  in  t h e  c r y s t a l l i n e  s t a t e  c o n t a in s  two 
c r y s t a l  forms, o r thorho m b ic  which has l a t t i c e  d imensions o f  
aQ = 5 .0 5 A ,  bQ=7.35A and c0=48.6A and th e  o t h e r  e i t h e r
m o n o c l in ic  o r  t r i c l i n i c ,  w i t h  m o n o c l in ic  the  most p r o b a b le .  
However t h i s  has no t  been proved c o n c l u s i v e l y .  In  t h e  re v e rs e  
hexagonal phase, cadmium s t e a r a t e  behaves l i k e  an i s o t r o p i c  
phase n -a lk a n e  o f  e q u i v a l e n t  chain  le n g th  and a t  t h e  same 
t e m p e r a tu r e .  The model used t o  p r e d i c t  th e  core  r a d iu s  o f  
d i v a l e n t  metal soaps appears  to  be in  e r r o r .  The c y l i n d e r  
dimensions e s t im a te d  from th e  average c h a in  e x te n s io n  and th e  
core  r a d iu s  g iv e s  a r e s u l t  between 2 8 . 8A to  3 1 . 7A, w h i l e  th e  
l a t t i c e  param eter  d e te rm ined  by X - r a y  d i f f r a c t i o n  g iv e s  a 
v a lu e  o f  3 6 . 9A. Th is  le a d s  to  th e  c o n c lu s io n  t h a t  th e  
assumption t h a t  th e  n - c a r b o x y l a t e  ions in  a d i v a l e n t  metal  
soap behave l i k e  two independent  monovalent m eta l  ion  soaps
2 0 2
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